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FOREWORD
.4)

The work reported herein was performed In accordance with Air Force
Contract F33615-77-C-2029 under the direction of the Fire Protection Branch
(AFWAL/POSH) of the Fuels and Lubrication Division, Aero Propulsion
Laboratory, Air Force Wright Aeronautical Laboratories, Wright-Patterson
Air Force Base, Ohio, under Project 2348, Task 01, Work Unit 02, with
Mr G.T. Beery and Mr T.A. Hogan, AFWAL/POSH, as Project Engineers.

This report is the result of utilizing ultra-violet (UV) radiation
technology In the development and flight testing of an advanced aircraft
f ire detect Icn system.

The contractor was General Dynanics, Fort Worth Division, Fort Worth,
Texas. Mr. R.J. Springer, Progran Manager, directed the efforts of

P.H. Lang, W.B. Kirk, B.B. Witte, D.C. Nelson, and J. Phillips. The
overall effort was under the supervision of Mr. C.E. Porcher, Manager,
Propulsion and Ther1Todynamics Section. Graviner Ltd./HTL Industries,
General Dynamics subcontractor, accom:plished the design, f3brication,
envirornental testIng and support for the fl Ight test phase of the program.
Graviner/HTL's efforts were directed by Mr. S.P. Robinson who was supported
by P.H. Sheath and D.J.V. Smith. Sacramento Air Logistics Ccrmind (SM-ALC)
provided the F-ill aircraft and support for the flight test phase of the
program. Mr B.W. Nichols, SM-ALC Engineering, coordinated the flight

testing at McClellan Air Force Base.

This report describes the results of work conducted during the period of
15 December 1977 to 26 October 1981.

This Is Volume 11 of three volumes. Volime I describes the overall work of

the program which includes the results of the flight test phase. Volume I I
contains a description and details of the system circuit and software
design. Volume III contains a description and details of the Ground
Support Equipmnt (GSE) which Is used as a fault diagnostic maintenance
tool.
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SUMMARY

Analysis and details that include the electrical circuit, Dower
supply, microprocessor boards, and logic cards were completed
for each component in the -.ystem. In addition a software program
was completed that included initialization, processing of adjacency
and absent head information, software assembly listings, instruction
summaries for the RCA 1802 microprocessor, and the COSMAC Level 2
assembly language of the microprocessor. A qualification test was
completed after the design and fabrication of the system components.
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1.0 INTRODUCTION

1i. Microprocessor Selection

The trade study determined that the design should be based on
the use of a microprocessor. Microprocessor evaluations deter-
mined that the RCA 1802 microprocessor would best provide the
needs of the system requirements. The CMOS design, low power
consumption, and low immunity to noise were the primary features
for the selection of the 1802 for the UV fire detection system.

1.2 Microprocessor Integration

The integration of the microprocessor into the system design
provides the flexibility and programmability needed to meet the
high reliability requirements of this program.

:1
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2.0 COMPONENT DESIGN

2.1 Detectors

The main design constraints of the sensor heads arose from the
requirement to use the proven Graviner D6100 UlV cell with its
aosociated UV test emitter, to withstand the environmental
conditions of a military aircraft engine installation and to be
as small and lightweight as possible. Physical characteristics
are shown on Figures 2-1,2-2 and on Installation Schematics
Figures 2-3 and 2-4.

Within these design constraints the configurations developed and
shown on drawings 53522-011 and 53521-012 are probably close to
and optimum. (References 2-1 and 2-2.)

The designs are based on the assumption of production quantities
that would justify expenditure on tooling for pressed steel case-
work but the sensor assemblies used during this program were
fabricated without tooling to simulate the proposed production
design.

The photocell and protective quartz dome are mounted on a thin
steel *retainer with a fillet of silicone potting compound. This
assembly is then spot welded to the case. In early development
samples, some difficulvies were experienced with emitter glass
envelopes cracking during low temperature tests but this was
later overcome by incorporating a resilient rubber compound
coating prior to emitter assembly.

The simple mounting base is intended for use with a variety of
aircraft brackets which might be necessary to provide appropriate
viewing directions in an engine installation.

The assembly meets the required life of 10,000 hours at 250°C with
the exception of the electrical connector, which has a life limited
by the manufacture to 1000 hours at 2500C.

2.2 Cponent Deeign - Computer Control Unit

2.2.1 Construction

System A and System B electronic circuitry is contained in
mechanically identical racking. Ceneral Assembly drawings
53813-203 and 53813-204 show pictorially the systems -con-
truction. (References 2-3 and 2-4.) Physical characteristics
are shown on Figure 2-5.

!J-- El3
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The essential features of both systems are as follows:

a) It is a box construction consisting of formed top,
bottom and side panels, with two similar cast end plates.
The rear panel has on its external face indented locating
slots to ensure correct positioning of the units in the
aircraft racking and on its internal face it contains
guides to ensure location and adequate fixing for the
printed circuit boards.

The front panel has mounted through it, two captive knurl
headed screws to provide fixing to the aircraft racking.
Two circular electrical multipin connectors are mounted
through the front panel. One, termed on the front panel
label the 'aircraft plug', routes to the electronics power
and signals from detectors and also carries the signals
to the crew warning unit (CWU). The second connector,
termed the GSE plug, is utilized when the system is inter-
rogated by ground support equipment and is not normally
used when the aircraft is operational.

Internally, the box contains a cross member which acts to
make the construction more rigid. To this are attached the
printed circuit board guides,

b) Within the box a mother board printed circuit card acts
to connect the various parts of the control unit electronics
together. On the mother board are mounted connectors which
mate with the cable harness connected to the two circular
connectors, and to the daughter board connectors. The mother
board also houses the transformer for the systems' power supply
requirements.

c) A filter board is mounted on the front panel, close
to the aircraft plug such that incoming power can be
filtered.

d) The printed circuit cards contained within the units are
interconnected via the mother board, and consist.of, in the
case of System A, a coinon logic card, two microprocessor
cards, two head drive cards, a master logic card and a slave
logic card. In the case of System B, the unit contains .a
common logic card, a microprocessor card, a head drive card,
a master logic card and a battery card which is braced such
that the mass of batteries does not cause vibration problems.
Each card edge connector is polarized such that boards cannot
be incorrectly located within the boxes.

S9



2.2.2 Circuit Description

A block diagram of the CCU is shown in Figure 2-6. This is shown
to give a general appreciation of the way the CCU printed boards
interface with each other. Circuit description is essentially on
a board by board basis. Reference is made to the CCU circuit dia-

gram 53813-203CD (S/stem A) or 53813-204CD (System B). for a clearer
understanding of the way cards are interconnected. (References 2-5
and 2-6.)

2.2.2.1. Drive Supply Card

(Circuit diagram 43761-143-CD) - Reference 2-7

The drive supply card consists of a 320v DC stabilized supply, a
S.6v and a 5v DC stabilized supply, 8 head drive circuits, an
emitter drive circuit and a low voltage detection reference.

2.2.2.1.1. 320v DC Supplyci

The AC voltage from the transformer'& secondary winding No.l is
rectified via the bridge rectifier Dl, D2, D3 and D4 and smoothed
by Cl. C31 is a radio frequency suppression capacitor. This
voltage is then stabilized to 320v DC by means of a series
feedback regulator. D12 and R6 provide a reference voltage for
the emitter of TR3. R9 and Rl1 potentially divide the output
voltage which feeds the base of TR3. AS the output voltage
increases, TR3 base rises above the reference voltage and TR3

starts to conduct. This in turn clamps the base of TR2 and the
output voltage . D16 protects TR2 from exceeding its reverse
voltage rating. The base drive to TR2 is provided by a constant
current source generated by TR1. D9 and R1 set up a reference
voltage for the base of TRl. R4 sets up a constant current in
the emitter lead of TR1. Hence a constant current is developed in
the collector of TR1. The 320v DC supply powers the head drive
circuits and the emitter drive circuits.

2.2.2.1.2. 5.6v and 5v DC Supply

The AC voltage from the transfocmer's secondary winding No. 2 is
rectified via the bridge rectifier DS, D6, D7 and D8 and smoothed
by C3. C2 is a radio frequency suppression capacitor. This
voltage is then stabilized to 5.6v via an emitter follower
regulator. A reference voltage at the base junction of TR4 is

set up by R7 and the combined forward voltages of D13, D14 and
D1S. R8 sets up a constant current in the emitter lead of TR4.
This in turn sets up a constant current in the collector* lead
which supplies zener diode, D17, and base drive to TR5. D17
provides a reference voltage (6.2v) at the base junction of TR5
causing the emitter of TR5 to provide a 5.6 volt output. C4
smooths this voltage and acts as an energy store for sudden
surges in current. D18 protects TR5 base emitter junction from
exceeding its reverse voltage rating when supply is switched off.

Ic
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Two further supplies are generated from this voltage via D19 and
D20. The 5.6v supplies power to the common output logic
card. The 5.6v supply via D20 powers all logic and
microprocessor devices except the RAM which is powered via D19.
This ensures that the RAM is isolated in the event of supply
failure or disconnection. In this case the RAM is powered by a
separate battery pack as detailed in Section 2.2.2.6.

2.2.2.1.3. Low Voltage Detection

This circuit monitors the rectifier voltage of the transformers
No. 2 secondary winding. The voltage is potentially divided by
DI0,R2,R3 and R7I. The voltage across R3 is fed to the common
logic card. This circuit provides an early warning signal to the
microprocessor that the supply is fa ling as detailed in Section
2.2.2.4.4.2.

2.2.2.1.4.. Head Drive Circuit

The head drive circuit is designed to enable one side of the
photocell to be common with the Ov line. Thereby, minimizing
the amount of wiring required in the aircraft and control unit.
The head circuit consists of four sections:

i) The Detector Current Sensor,
ii) Head Turn Off Time Control Circuit.

(not part of the drive supply card)
iii) Head Turn Off
iv) Current Limit Circuit

Circuit description relates to head drive 1 consisting of
transistors TR6, 7 and 14 with associated components.

2.2.2.1.4.1. The Detector Current Sensor

The head current sensor PNP transistor TR14, which in standby
mode is biased off. When the supply is switched on the
capacitance across the leads to the photocell charges up via R32.
R72 and C23 are designed to charge up at a slower rate than R32,
R and the lead capacitance therefore reverse biasing the base
emitter junctions of TR14 and holding it off. D38 protects the
base emitter junction of TR14 from exceeding its reverse voltage
rating.

When UV is present at the photocell it will conduct causing
current to be drawn through R, R32, R72 and the emitter base
junction of TR14. TR14 conducts and current flows through R24
and R25. C5 reduces the radio frequency interference generated
when the current sensor circuit is operating. The voltage Across
R25 is coupled via C9 to the head turn off timing control circuit
on the logic card.

2.2.2.1.4.2. Head Turn off Time Control Circuit

The head turn off timing circuit is described in
Section 2.2.2.3.5.
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2.2.2.1.4.3. Head Turn Off

The output from the logic card feeds the base junction of TR7.
R13 is a pull down resistor to ensure TR7 does not turn itself ON
due to collector base leakage current. A 5 volt signal from the
logic card causes TR7 to turn ON. The potential divider chain,
R12 R20 then clamps the base of TR6 to approximately l5v. TR6
acts as an emmitt4r follower, therefore the voltage across the
photocell is reduced to approximately lSv allowing the photocell
to deionize. At the end of the timing period the signal from the
logic card returns to Ov. TR7 turns off allowing TR6 to be
turned on by R12 returning the photocell voltage to 320v.

2.2.2.1.4.4. Current Limit Circuit

If the head lead becomes short circuit to ground, TR14 turns hard
ON and an output pulse is passed to the logic card. TR7 turns on
and the voltage across the photocell drops to approximately lSv.
At the end of the head time off period TR7 turns off allowing TR6
to turn on, but as TR14 is being held hard on excessive current
is being drawn through R80. When the voltage developed across
the base emitter junction of TR6 and RO0 equals the combined
forward voltages of D25 and D55 no further increase in TR6 base
drive occurs, and hence the current is limited. D47 isolates
the head circuit from seeing negative going spikes.

2.2.2.1.5. Emitter Drive Circuit

The emitter drive circuit is designed so that a maximum of 8
emitters can be powered at one time. The emitters are connected
in parallel to minimize aircraft and control unit wiring. The
circuit consists of three partas

i) Time Sharing 350v Switch.
ii) Emiter Enable Circuit (Head Test)

-' iii) Emitter Verify Circuit.

2.2.2.1.5.1. Time Sharing 350v Switch

The voltage to the emitter enable circuit is controlled by the
time share switch. The timeshare signal from the logic card (at
pin 8) is a square wave. When the output is high TR30 turhs on
via a base current limiting resistor R4 (on logic card), this
holds TR32 off. TR31 is turned on by R62 and 350v DC is
supplied to the emitter enable circuit. When the output of the
logic card goes low, TR30 turns off and TR32 turns ON via R61
pull up resistor.R62 and R63 potentially divides the 350v supply
clamping the base of TR31 to approximately 154v. The emitters,
which require greater then 90v to strike, will therefore turn
off. R60 is a pull down leakage current resistor for TR30
emitter base junction.



2.2.2.1.5.2. Emitter Enable Circuit

Under standby condition i.e. emitter off, the head test input
(pin 9) from the logic card is low (0v). TR34 is, therefore,
turned ON via R65 pull up resistor. R64 and R66 potentially
divide the voltage from the time share switch which clamps the
base of TR33 to approximately 25v when TR21 emitter voltage is
high and approximately lv when it is low. TR33 is an emitter
follower and 25v or lv is fed to the emitters (connected at pin
15) via a current limiting resistor R69.

When the head test input goes high, the emitter of TR34 is held
at 5v.

Because the pull up resistor R65 is supplied from the 5v power
supply, TR34 turns off and TR33 turns on via pull up resistor,
R64. The voltage at the emitter TR33 will then follow the voltage
at TR31 emitter which changes from 350v to 15v in sympathy with
the time share input. D37 protects TR33 from exceeding its
r-verse voltage rating when it turns off.

2.2.2.1.5.3. Emitter Verify

The circuit monitors the output voltage to the
emitters so that the microprocessor can confirm when
the emitters are on.The output
voltage from TR33 is potentially divided by R67 and
R68. The junction of these resistors feeds the
base of TR35. When the emitter line voltage is high
(350v) , there is sufficient voltage at the base of
TR35 to turn it ON. The collector of TR35 goes low
which feeds the EF3 (NOT) input of the microprocessor
card. When the output goes low TR35 turns off and
the output is pulled up via R70 to the 5v line.
Because the lead capacitance tends to hold the
emitters on for a short period after the emitter
circuit has been switched off, it is necessary to
discharge this capacitance.

2.2.2.2. Microprocessor Boards

(Circuit diagram reference 43761-141CD) - Reference 2-B

The microprocessor card houses a CMOS microprocessor (ICI) CDP
1802 CD and CMOS memory consisting of 3K bytes of read only
memory (ROM) and 256 bytes of random access memory (RAM). All
other integrated circuits contained on the card are CMOS to
ensure high noise immunity and low power consumption. The ROM
consists of 6 IC's, IC5 - IC1O each being UV erasible 512 word
8 bit configured parts, IM 6654MJG, manufactured by Intersi.
RAM is formed by IC2 and IC3 configured as 256 bit by 4
manufactured by RCA, part number CDP 1822CD.

14



Memory is arranged such that ROM resides between locations
A;; H'OOOO' and H'OBPF' and RAM resides between locations H'OCOO' and

H'OCFF'. This is controlled by IC4 (CDPl859CD) which latches and
decodes address line information as further described.

The microprocessor issues the address on to the data bus in two
bytes. Firstly, the upper byte, whose correct presence is
defined by a timing pulse TPA whose negative edge is used to
latch the address into the 4 bit latch/decoder IC4 via its clock
input (CK). At the time immediately after the falling edge of
TPA, the address All, AlO, A9 and AS have been latched into IC4
via address line A3 to AO. The truth table of IC4 shows that AS
and A9 and their compliments are provided as latched outputs
while A10 and All are decoded into 1 of 4 format such that when
the true address is present, the appropriate chip enable is
driven to a '0' state. Therefore, the CE (NOT) lines act to
select between NIOOOO' and M'O3FF' when CEO (NOT) is true,
between M'0400' and m'07FF', when CEl (NOT) is true and between
H'O8OO' amd H'OBFF', when CE2 (NOT) is true, i.e. between 0 and
1K byte, IK byte and 2K bytes or between 2K bytes and 3k bytes.

The latched outputs A9 and A9 (NOT) serve to further decode the
address. When the address is in the lower half of the required 1K
byte range (i.e. between 0 and 512) then A9 (NOT) is at logic 'Il
and A9 is at logic'O'thus selecting from the upper bank of RON
(C5, IC7, and IC9) since the E2 (NOT) input of the IN 6654
requires a '0' signal to be selected. The latched AS line from
IC4 is connected to all ROM A8 inputs.

ROM's IM6654 will latch internally on the address lines at the
occurrence of a negative going edge on El (NOT) only if the

chips Sl (NOT) line is held low. Because of this it is necessary
to create a suitable signal to input as an El (NOT)control at a
time when all required inputs are available on the address bus.

This is done by delaying the TPA pulse for two system clock
cycles and utilizes IC13 to effect the delay. The crystal
(XTAL) output from the microprocessor is used to act as a clock
pulse intj the first stage divider of IC13. The data input to
this divider is the TPA pulse. Initially, when the system is
switched on, both Q outputs of IC13 are reset, caused by a
control signal provided to the reset inputs. At this first
occurrence of TPA, a 'I' is clocked thrcugh to the output of the
first stage of IC13. A second clock pulse occurring at the clock
input transfers this '1' level through to the second stage output
which is connected to all ROM El (NOT) inputs. The advent of a
third clock pulse causes a negative going edge at El (NOT) as
required for latching of address lines into the ROM. This occurs
approximately 1.5 clock cycles after the negative going edge of
TPA has occurred and at a time when the lower order address byte
has been issued by the microprocessor and has become stable on
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the address bus. If the chip has been selected at the time the
El (NOT) line input changes from a '1' to a '0' state, then the
address lines AO - AS and chip enable line 42 (NOT) are latched
into the ROM causing the selected location to place its contents in
the MRD output of the microprocessor such that the RON cannot be
enabled on to the data bus during a memory write cycle. During
this time the EN (NOT) line is held high thus disabling the CE
(NOT) outputs to a deselected '' state.

Address line decoding for the 256 bytes of RAN is effected by the
nand gate of ICl and D type flip flops of IC12 whose Q output is
initially set to a' switch on by coupling the clear line to
the set input of IC12 via an inverting buffer of IC11. Since the
address range of the RAM is OCOO to OCFF, the two inputs to the
and gate are used to detect the presence of a 01 level on
address lines Al0 and All (A3 and A2 during the upper byte
address cycle). When both A10 and All are present the output of
the nand gate goes to a '01 state. TPA signal is inverted by an
invert gate of ICI such that a positive edge will occur at the
clock input of IC12 at the time TPA goes low. The result of
which is that the output of the nand gate is latched on to the Q
output of IC12 . A '0' Q output is then used as a chip enable for
the RAM and CSI (NOT) of ICS2 and 3 are connected to lC12's Q
line. When this lire is low RAM becomes selected and data is
passed to, or stored from the data bus according to the state of
the R/W (read/write) line and selected address on lines AO - A7.
The input lines 11 - 14 and output lines 01 - 04 are linked
together on to the data bus and direction of data flow is
controlled by the microprocessor timing logic via the MWR (NOT)
line.

The CS2 line of RAM's IC3 and IC4 is a second chip select line
which must be maintained at a I' level while the system is
running. This line is used to ensure that RAM does not receive
any incorrect data when the system is powered up or shut down.
This is further covered under Section 2.2.2.4.4.2 as are the
functions of Dl, D2 , D12 and the separate power supply to RAM via
VDD RAM.

The microprocessor timing is set by a crystal (XL) with
appropriate loading Cl and C2 and bias resistor Rl, as defined by
the manufacturer. Design frequency is 2MHZ and was chosen based
on the needs of the system. The operate frequency is limited by
the working voltage and temperature range. The working voltage
was chosen as 5V to suit the needs of the RON. The design
frequency gives adequate margin when the system operates at 850C
that allows sufficient time to execute all required system
functions and allows memory components t, run well inside their
timing restraints. In addition, the relatively low operate
frequency holds microprocessor power consumption to a low level.



Data bus lines DO to D7 are connected to ground via pull down

resistors R2 to R9 such that on power up and power down, data
lines return to known states. This helps ensure that incorrect
data is not passed to RAM, which would corrupt data held for GSE

read out.

Resistor RIO and Rll act as pull up resistors for the two flag
lines £1 (NOT) and £F2 (NOT).

The microprocessor WAIT line is connected to VDD via the
motherboard also CR :H and Cl OUT are connected together via the
motherboard,&and all these connections are designed to
facilitate board testing.

All other remaining microprocessor inputs and outputs, namely DMA
IN (NOT), INT(NOT), SCO, SC1, EF1 (NOT) to £?4(NOT), TPA, TP8,
NO, N , N2, CLR (NOT) and 0 lines act as control or timing
outputs or inputs as described in subsequent sections.

Capacitors C3 to C7 are filter capacitors placed strategically
around the pcb to reduce effects of supply borne transients or
induced pickup.

2.2.2.3 Logic Card

(Circuit diagram reference 43761-142 CD (Master) - Reference 2-9
or 43761-148 CD (Slave) - Reference 2-10

The logic card can be sectioned into several areas having well
definec functions to perform. They are power up, reset
circuitry, input and output control, interrupt timimg, head drive
timing and control input data buffering and output data
buffering.

2.2.2.3.1. Power up, Reset Circuit

To ensure correct system operation when power is first applied
the circuit must be in a known state. £ssentially all important
microprocessor regis-.s must be reset to zero, output ports must
be cleared such that transient conditions do not appear at the
CWU and some system flip flop registers must be set to a known
state.

Ri and Cl form a time delay function and act in conjunction with
R2, R3 and two buffer sections of IC2. When power is first
applied, Cl is discharged, Via the pot chain divider of R2 and
R3 the buffer input (pin 5 of IC20) is held at OV resulting in
the clear line, CLR (NOT), output at pin 2 of IC20 being held
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low. Note that since the resistor R3 of the pot divider chain is
connected to the CLR (NOT) line, the pot divider is initially
zero volt referenced.

The general requirement of the system is that the CLR (NOT) line
should be held low for a short period of time to ensure correct
reset of the above mentioned functions. As R1 causes C1 to
charge up, the threshold of buffer input pin 5 is reached such
that its output now changes to a Il' state (5V level). The clear
line follows this transition which is speeded up by the fact ttat
the divider chain R2 and R3 is now 5V line referred effecting a
schmitt trigger action. The transition effects the removal of the
clear state from all attached circuits.

Buffer input pin 7 of IC20 is also connected to the clear line
such that via its output, pin 6 and diode D1, output port IC12 is
initially cleared. The action of CS2 input on the output
port IC12 is discussed in section 2.2.2.4.

2.2.2.3.2. Data bus Lines

Data bus lines connected to the microprocessor (external to the
pcb) are connected to output port IC12, input ports IC14, IClS
and IC17 and to outputs of IC6 and ICO.

2.2.2.3.3. Data bus Control

Data being input to, or output from the microprocessor via the
data bus lines is controlled by decode chip 1C13 which itself is
controlled by timing and output signals generated by the
microprocessor. Lines NO, N1 and N2 are input lines to the
decoder chip which contain encoded data as to the required port
(input or output) to or from which data is to be passed. 1C13
decodes the N lines and, its outputs are connected to chip enable
lines of various input and output ports or act as clock lines.
CKA and CKB inputs of IC13 are connected to TPA and TPS outputs
of the microprocessor controlling the duration that IC13 outputs
remain active.

2.2.2.3.4. Interrupt Timing

The system requires for correct operation an interrupt signal
which occurs once every 832us. This signal is sent to the
microprocessor's INT (NOT) (interrupt) input causing an interrupt
software program to be executed.

To generate the timing signal the microprocessor's own timing
pulse, TPB, is used. This pulse occurs every 4us with a crystal
fgequency of 2MHZ.
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The circuit involved is IC1 and IC2.

The timing pulse TPB is connected to the clock input of IC1 (pin
1). With the EN line connected to VDD the counter chip causes TBP
pulse to be divided by 16 at its output (pin 6). Thus, at this
point a square wave of 64us period is observed. This waveform
is applied to the enable (EN) input of the second counter stage
of IC. With the clock input (CK) connected to VSS the chip acts
to increment the counter on the negative transition of the
incoming signal.

The following operation is then discussed in conjunction with
Figure 2-7.

03 output of IC1, by the divider action of ICI is caused to
change state on negative transitions of the previous binary
divide stage, resulting in the pulse train shown. When Q4 output
is low the positive transition of Q3 has no effect on the output
O (pin 1) of IC2, since at the transition the data input to IC2
at pin 5 (04 of ICI) is zero. When Q4 output is high, the
positive transition of 03 will cause a change of state at IC2 pin
1 to a '1'. The data input at pin 9 of IC2 is now at '1' level,
consequently, at the next positive transition of this D type flip
flop's clock input a I1 will be transferred to its Q output
(pin 13.) As can be seen from the timing diagram, this occurs
32us later.

Pin 13 of XC2 acts as a reset input to the second stage of the
divider chain of ICl, and one D type section of IC2. Because the
D input at pin 9 of 1C2 is now returnod to 10' by this reset
action, then on the next positive transition of Q4 (pin 6) of
ICI, the reset pulse is removed.

This cycle is repeated as shown by the timing diagram such that
the Q output (pin 1) of 1C2 is low for 800 uq and high for 32us.
0 (pin 2) of IC2 is the compliment of this and consequently
applies a negative going edge to the INT (NOT) input of the
microprocessor once every 832us. As can be seen this interrupt
pulse is self resetting after being sustained for 32us. The
timing of the microprocessor hardware and software is such that
this interrupt pulse is always recognized before it has time to
return to the standby state.

At power up the output states of ICS 1 and 2 are random which can
cause in initial incorrect timing of the interrupt pulse.
However, since the software program does not enable interrupt
pulses to be recogni2ed for some milliseconds after power up, the
required synchronization has time to occur.
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2.2.2.3.5. Head Drive Control Circuit

The eight head drive circuits described under Section 2.2.2.3.1.
each require individual control such that at the occurence of a
strike, the head is starved of voltage for a 2ms period. ICS 3 -

10 and ICS 18 and 19 are responsible for head drive control and
buffering on to the data bus for access by the microprocessor.

Ctrcuit description considers one control section associated
with head I.Active components are RS, R32, ICl8 nand gate (with
output pin 3), R43, IC3 NOR set/reset flip flop (with Q output
pin 2), IC4 binary counter and IC6 transmission gate output pin 1
of which is connected to the data bus line DO.

Under standby conditions the set/reset flip flop has its 0
output (pin 2 IC3) at a Il state since the last input would
have been a sot input.

Consequently, 'the reset input of the binary counter would be
disabled and the clock pulse input at pin 1 (derived from the
timing block) would have no effect. The output (pin 3) of the
and gate is dependant on the input at pin 1. This, the time share
signal is high ('I') for 167mS and low ('0') for 167mS
repetitively. Therefore, R32 acting as the base current drive to
TR7 of the head drive circuit controls whether the head is on
line or off line.

When head 1 strikes, a pulse is developed across RS due to the
differentiating action of the combination of C9 (on the head
drive card) and R5. This pulse acts as a reset pulse to the
set/reset flip flop, causing its Q output to change to a 0O
state. At this time the time share input to the und gate (pin 1)
is high ( which it had to be to allow a strike to occur initial.ly).
The resulting '01 state now existing on pin 2 of the nand gate
causes its output to go to a Ill state, the result of which is
that the striking head is starved of voltage.

The duration that the head is starved of voltage is a function of
the operation of the binary counter 1C4. The counter is clocked
by pin 12 (02) of ICI, a pulse which occurs once every 256mS as
shown on the timing diagram Figure 2.7.

Again, with reference to th# timing diagram, when a strike has
occurred the reset input R (pin 7, IC4) is released allowing the
CK input to cause the counter to count.

:.1
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When el.ght CK pulses (low to high transitions) have elapsed Q4
output of the binary divider goes high. Since this output is
connected as the set input of the sat/reset flip flop the effect
is to cause the binary divider to be reset and to restore the
head back to an on line status. Since one clock pulse ib
normally 256us, then it follows that the head has been off line
for 2048us or just over 2mS.

The timing diagram shows that this software is subject to some
variation due to the uncertainty of when the head will strike
with respect to the fixed timing intervals of the clocking pulse.

The timing diagram shows the 5 cases which can occur inicating
the range of strike time between clock pulse events, the result
of which is that head 'off time' can vary between 1.92mS and
2.24mS.

The Q3 output of the binary counter is used to act as an
indication to the microprocesor that a head has fired. This 03
output is fed to a transmission gate which controls Q3 access to
the data bus, the control line of which is conected to output 7
(07) of IC13. Head status is available to the microprocessor by
executing a command on INPUT PORT 7.

To ensure correct interpretation of the incoming data, the timing
of the circuit and manipulation of the data is critical.

Again, with reference to the timing diagram it can be seen that

the Q3 output (which indicates a head strike to the data bua) can
occur in such a way as to either be true at one or two successive
interrupts. The interrupt marker causes the interrupt program
to Input the head status data to the microprocessor, thus it
could be that the system interprets one strike as two events if
the event happens to Ostraddle" two interrupt markers.

As shown by case 1, when the head returns to an on line status Q3

output cannot return to a state showing a second strike event
until just before the fifth interrupt event. For this case and
all other cases it is proven that two separate head strikes on
one head cannot be observed by two consecutive interrupt markers.
As a result the software program is written so as to disregard
as false, a second pulse if two consecutive strikes occur.

2.2.2.3.6.DMA and Control Data Parameters

Direct Memory Access (DMA) is utilized in the design to pass
relevant data from one processor to the other. This data
includes a byte of information containing parity bits and various
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status bits, to be discussed under the heading, Software. In
addition each processor transmits to the second processor a byte
containing the status of each head such that the rece.iver can
make appropriate logic decisions.

DMA transfer is used such that the important task of observing
fire conditions (termed the "gathering phase") is not
interrupted. DMA causes the transfer of the above data directly
to the receiving processors memory and is virtually unseen by the
normal interrupt program. To guarantee that the data is
received correctly the hardware associated with the DMA function
is duplicated in such a way that if one of the receivers is
faulty it can be identified.

The circuitry associated with the DMA activity is essentially
IC15, 16, 17, 22 and 23 and associated components.

The transfer of data is effected by the sending microprocessor,
the result of which is that the required level to be transmitted
appears at the receiving logic card via the DMA DATA IN line
(pin 53 on the edge connector). A clock pulse is required to
initiate the receiving processors DMA mechanism. The clock pulse
is generated by the sending processor and appears at pin 17 of
the receiver logic card designated DMA DATA CK IN.

The DMA DATh IN logic level is buffered and separated by two
buffers of IC21. The outputs of both buffers are connected, one
to each of the two input ports IC15 and IC17 associated wth DMA
transfer both being connected to the 0 input.

The remaining inputs to the two DMA input ports are:

bit 1 (II) - master/slave initialization bit.
bit 2 (12) - port identity bit.
bit 3 (13) - third level adjacency bit.
bit 4,5,6, (14,15,16) a second level adjacency bit.
bit 7 (17). first level adjacency bit.

Master slave initialization bit is required to ensure that at
switch on the software takes a path such that the time share for
side 1 and side 2 of the system functions in antiphase to each
other. The only difference between logic cards 43761-142
(Master) and 43761-148 (Slave) is in the setting of the
master/slave bit, master is recognized as being connected to a
'l level and £lave as being connected to a '0' level.
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The port identity bit 12 is connected to VDD on ICIS input and
to VSS on IC17 input. This is to enable the processor to recognize
that it is correctly receiving data from both input ports.

The function of bits 13, to 17 are considered in detail in
Appendix A-I.

Each bit of transmitted data is transmitted twice and the
receiving input ports are arranged by hardware means such that
the data is passed alternately via IC15 and IC17.

Since two bytes of information are to be transferred twice, it
follows that 32 separate DMA transfers occur requiring 32 memory
locations in the receiver memory map.

When a DMA data transfer is intiated by the sending processor the
required logic level is placed on the DMA DATA IN line. When it
subsequently initiates a clock pulse at the DMA DATA CK IN the
following events occur.

R40 connected to the DMA DATA CK IN line acts as a load resistor
to the transmitting circuit which in the non sending mode is in a
tri-state high impedance mode. The incoming high level pulse is
differentiated by C2 and R29 and then, via isolating diode D5 and
associated bias resistor R31, is connected to the C (clock) input
of IC16.

i
The used half of IC16, a D type flip flop, functions with its D
input connected to its Q output, i.e. such that it operates in a
divide by two mode.

Assuming that Q of IC16 is initially '1', then at the event of a
positive transition on its C input, the 0 output changes to a 'V
state, thus IC15's CS2 input (chip select) becomes enabled. At
the same time IC15's CK input has changed from a 'l to a 101
level. The transition causes the data on lines 10 to 17 to be
latched into the port and a low level on the service request
output SR(NOT) to occur.

SCO and SCI are outputs from the processor which indicate whether
the processor is performing a fetch, execute, interrupt or DMA
activity, when carrying out a DMA activity
SCO - 0 and SCI 1.
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At the moment SR (NOT) goes low, the state of the system is not a
DMA cycle, as a result the NOR gate connected to SCO and SC.
(IC22 and IC23) cause a '1 state at pin 2 of 1C23. Thus, the
output (pin 3, IC23) of the NOR gate changes to a high level
('1'). A '1' level now exists at pin J of IC23, and since the SR
(NOT) of IC17 has not been set to '0' then pin 6 of IC23 is a
'0'. As a result of the transition of SR (NOT) from a Il to a
'01 level pin 4 of IC23 changes to a '0'. This signal is
transferred to the microprocessoron its DMA IN (NOT) input which
it recognizes as a request to DMA information into its memory.
The internal logic of the microprocessor waits until the next
system execute cycle has been completed and then suspends normal
processor operation for one system cycle such that DMA may be
executed. On doing so, the state code SCO - 0 and SCl - 1 is
applied to the NOR logic gates of IC22 and IC23 resulting in pin
11 of 1C23 changing from a '0' state to a 'I' state. With the
condition CSl and CS2 at 'I' status the input data is enabled
onto the data bus and subsequently due to logic action within the
processor is stored at a defined memory location.

At the completion of the cycle the SCO and SCl state revert to
the code defining the next 'fetch' phase of operation, resulting
in IC23 pin 11 output changing to a 10' state. The internal
logic of the input port uses this transition to reset the SR
(NOT) output to a '1' standby state, However, due to the finite
delay between CSl going negative and the reset of the SR output a
condition exists at inputs 1 and 2 of IC23 whereby a second
transient 'l' pulse can occur. This race condition would
activate incorrectly another DMA request at the microprocessor.
To eliminate this timing prob.em, small capacitors are connected
between 1C23 rin ' and ground and similarly between IC73 pin 3
and ground, namely CIO and Ci. This short time delay effected
by the gate output impeJe,,ce in conjunction with the capacitor is
sufficiently long to eliminate the effects of the reset delay
propagation time of the input ports service request flip flop.

A second DMA DATA CK IN pulse would then have the effect of
causing data to be input via IC17 due to the toggling action of
iC16.

Because the program softwa-e needs to know the status of the
master/slave bit of the input data before a DMA activity takes
place, the hardware is arranged such that this data may be input
by alternative means.

A second path to initiate the DMA process is included using an
initializing clocking pulse derived from pin 6 of decoder chip
IC13. This output is differentiated by C3 and R30, then via
isolating diode D4 is applied to the C input of IC16 in similar
manner to the DMA DATA CK IN input. By executing an output
instruction to port 1 (which does not physically exist) a 2.75us
active clock pulse is produced initiating DMA activity.



2.2.2.3.7. Input Data Buffer

Input data is received by the data bus from three sources:

1) Via IC6 and 7 which is head status data, as previously
described.

2) By ports IC15 and IC16 acting in DMA mode, as
previously described.

3) By IC14.

IC14 is a hex inverter/buffer with tri state output and is used
to pass six control signals to the microprocessor. When its OD
input is high ('i1) its outputs are in high impedance mode, when
the OD output is low input data is inverted and accesses the data
bus. When an input instruction on input port 3 is executed by
the microprocessor program, pin 7 of IC13 goes high for 2.75us
and via the inverting buffer of IC22 enables the data output onto
the data bus.

The six input control signals are as followsi

a) D5 input gives the microprocessor the status of the fire
test switch. D5 receives this signal via the circuit
involving R28, R25 and D2. When the fire test button is in
a standby stite a OV level-exists at the fire test input to
the logic card (edge connector pin 1). D2 is then forward
biased taking current throutgh R25 and off card resulting in
D5 input to IC14 being at approximately 0.6 volts. When a
fire test is requested the FIRE TEST input to the card will
be at 7 volts. D2 now acts to block the 7V signal and the
pull up resistor R25 serves to pull the D5 input to a Il'
level.

b) D2 input gives the microprocessor access to the status of
the fault test switch. The fault test input at pin 2 of the
logic card edge connector is Ov in standby mode and at 7v
when the fault test button is depressed. Associated
components R27, D3 and R22 act in similar manner to that
described for fire test input.

c) Inputs Dl, D3, D4, and D6 of IC14 are associated with GSE
(ground support equipment) operation. All four inputs are
tied by pull up resistors to the system VDD rail by R21,
R33, R24 and R26 respectively. In normal operating
conditions, i.e. when GSE is not connected, the four GSE
inputs to the logic card are open circuit, therefore, Dl,
D3, D4 and D6 present logic level 'Vs to the IC14.
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,The four GSE inputs allow the CCU operation to be controlled
by the ground support equipment. Combinations of logic
levels applied to these inputs select different programs
for running. These programs are initialized by resetting
the system causing the software program to interrogate the
four GSE inputs and subsequently to run the required
program.

System reset is effected by discharging Cl through D6 from
the GSE RESET input at pin 41 of the logic card edge
Connector.

The above inputs are connected to the data bus via

IC14 Q outputs as follows:

Input Connected to Data Bus

GSE 1 bit 0
FAULT SWITCH bit 1
GSE 3 bit 2
GSE 2 bit 3
PIRE SWITCH bit 4
GSE 4 bit 5

2.2.2.3.8. Output Data Buffer

Output data buffering (and latching) is effected by ICli, 12, 20
and 21. IC12's inputs are connected to the data bus. Data being
latched into the port is controlled by CSl, CS2 and CK inputs.
The mode input of IC12 is connected to VDD to characterize the
devic( as an output port. With CSl permanently connected to VSS
the chip select has only to be satisfied by CS2 - 1 for lata bus

information to be latched into the ports outputs at the next
occurence of a CK pulse. The microprocessor selects this output
by an output instruction to port 4 which causes decnder chip IC13
to issue a 2.75us pulse at pin 12. Thit output is connected to
IC12's CS2 input. The microprocessor then issues the required
data to the data bus and timing pulse TPB which is connected as
the CK input to IC12, effects the data latch.

The eight outputs from output port 4 (IC12) all have pull up load
resistors connected (R13 to R20). Port bit operation is as
follows:

07 output (pin 12). This output is the time share output,a
square wave pulse train generated by the system program. The
time share waveform has a period of 334mS, 167mS high and 167mS
low.

The time share waveform is fed via a buffer stage of IC21 and R4
to the head drive card which is then utilized to control high
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voltage at the heads. The time share output is also fed via
ICll's 'D' input and H output, this chip acts as a buffer to its
input signals. With END input tied permanently to VDD input data
is buffered directly to its output at H. This line is connected
to a flag input on the opposite side microprocessor card
(EF2)(NOT) and is used for monitoring.

06 output (pin 19) and 04 (pin 15). These outputs , GS£2 and GSE
1, are each buffered by a buffer of IC21 and are connected to the
CCU GSE plug. Both outputs transmit signals to the ground
support equipment as confirmation of execution or at completion
of execution of required program as dictated by the GSE I/P
control lines.

when the system runs a fire detection program, software caused
the GSE 1 line to follow the time share signal and the OSE 2 line
to be at a 'Il state onlu during when a head test is being
performed. This operation is further described under the heading
"Softwarea.

05 output (pin 7). This output is buffered by a buffer of IC21
the output of which controls power to the emitter via the head
drive card as described in Section 2.2.2.1.

03 output (pin 15) is an output called INHIBIT OUT. This signal
is used as an inhibit signal on the co:mon logic card; under
standby c,3nditions this output is at Ov. 03 is connected to the
ENC input of IC11 which with a Ov on its input catises output 6 to
be high impedance. When 03 changes to a 'V output, data at
ICll's C input is transferred to tti. G output. Because C is
connected to VSS, a change at G from '-igh impedance to a '0' state
will occur. This output is also crc .s connected to the second
microprocessor via the processor ca-ds EFl (NOT) input ind is
used by the software program. Further operation of the '.nhibit
function is described in Section 2.2.2.4. and in the sec.ion
headed wSoftware'.

02 output (pin 7). This output is the FIRE output which in
standby conditions 's at Ov, and at Fire conditions changes to a
I' state. The outpvt is fed to the common logic card described
in Section 2.2.2.4.

01 output (pin (.). This output is the FAULT output which in
standby conditi .ns is at Ov. When a fault is issued the output
changes to a 'Il state. This output is fed to the common logic
card as described in Section 2.2.2.4.

00 output (pin A). This output is termed DMA DATA OUT. Onto this
output is loaded data to be transferred to the second
microprocessor. ICll acts as a buffer. With ENB connected to
VDD, data at F follows data at B. The LMA DATA OUT line is then
connected to DMA DATA CLOCK IN on the second microprocessor.



DMA DATA CK OUT at pin 19 of the logic card edge connector is
derived via a buffering section of !Cll from a decoded output of
IC13, which acts as the clock output for DMA data. DMA DATA CK
OUT is connected to the second microprocessor as DMA DATA CK IN
(see CCU circuit diagram 53813-203CD). (Reference 2-5.)

IC1l buffering also acts as a device to eliminate effects of
differences in supply voltage of each microprocessor. ICIi
allows level shifting to occur by connecting its VDD terminal to
the positive supply of the processor recieving data and the VCC
terminal to the positive supply of the processor sending data.
Note all four outputs of IC11 are crosi connected to the second
microprocessor circuit.

The 0 line output from the microprocessor is connected to a
buffer on the logic card, this path is via edge connector pin 32
and buffer input pin 9 of IC20. The buffered output is connected
to edge connector pin 33 and is termed GSC DATA. This line is
connected to the GSE plug on the CCU and is used to transfer
serial data from the processor memory to the ground support
equipment.

2.2.2.3.9. Filtering

Capacitors C4 to C9 are connected in strategic positions 3cCoss
the power supply lines to filter out unwanted spurious supply
borne signals and noise elements.

2.2.2.4. Common Logic Card (System A)

(Circuit diagram reference 43761-144CD)- "rer.e 2-li

The common logic card for a system A (dLal microprocessor system)
consists of three independent circuits.

a) Logic associated with fire and fault
.ndication.
Driver circuits to energize output relays.

.) Circuitry which performs buffering anI level
shifting as inputs fcom the CWU.

a) Clccuitry which detects impending switch off
of power to the system.

e) ?iltering circuitry.

L.2.2.4.1. Fire and Faul ..- ic

re and fault logic is - .emind by ICl, 2 and 4 and associated
. mponents.

Power for ICI, 2 an; 4 is obtained by *ORING* both
microprocessors ..- . -. Jply rails. Note that the circuit diagram
refers to 'A' 5.6v and B' 5.6v refecing to Side A and Side a of

2" an 'A' type system.

-9
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D1 and D2 perform the power supply ORING" function which is
necessary such that if one procesor side power supply fails for 
an%, reason, the common logic card will still be capable of logic
decisions based on the remaining good 5.6v rail.

As described in section 2.2.2.3.8, fire an& fault inputs (for
both sides A and B) are in the '0' state in standby conditions.
The inhibit inputs for both sides are in a high impedance mode.

Consider the inputs to IC1, with (A) FIRE OUT at '0' pin 8 of IC1
via the inverter will be at '1'. The second input to this NAND
gate at pin 9 will be Ill because (A) INHIBIT IN is high
impedance and Rll acts as a pull up resistor. Consequently, NAND
output pin 10 will normally be at 'O.

Similarly, considering (B) FIRE OUT and (B) INHIBIT IN input to
IC2, pin 10 of IC2 will normally be in the '0' state.

NAND gate output, pin 4 of IC4 will therefore normally be at a

''. This NAND gate of IC4 acts to effectively AND together fire
conditions from Dotn sides of the system.

When a fire is indicated by A FIRE OUT and B FIRE OUT both input
pins 5 and 6 of IC4 will change to a 'I' state causing the ouput 3
pin 4 to change to a '0' state. If, however, only one FIRE OUT
changes to a '1' state the AND logic is not satisfied and pin 4
of IC4 stays at a standby '1' state.

Fault logic is similar to that of FIRE logic, (A) FAULT OUT and
(B) FAULT OUT under standby conditions cause '0' level inputs at
pins 1 and 2 of IC4, therefore with no fault condition present,
pin 3 of IC4 is at a 'I' level. For a '0' output on pin 2 of IC4
both microprocessor FAULT OUT lines must signal a '1' (fault)
level.

If one side of the system is shut off by the second side the AND
fire and fault logic must effectivley change to OR. In the event
of a side shut down by the second side, that second side will
issue a 'I' level at the inhibit output of port 4 on the logic
card, which causes a change from high impedance to a '0' state on
(A) or (B) INHIBIT IN line of the common logic card.

Take the example where side A processor has caused side B to shut
down and caused (B) INHIBIT IN to change to a '0' state (Not.e
that (B) INHIBII IN is an input from side A logic card port 4 as
can be seen from CCU circuit diagram). With (8) INHIBIT IN now
changtl to a '0' state pin 10 and pin 11 of IC2 will be to a ''
state.

The occurence of a FIRE condition ('1') at (A) FIRE OUT now
causes pin 4 of IC4 to change to a '0, state. Similarly, the
occurence of a FAULT condition (1) at (A) FAULT OUT now causes
pin 3 of IC4 to change to a '0' state, effectively changing the
gates function from AND to OR.
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An identical logical operation is performed if side B caus.s side
A .'o shut down, in that only 3 FIRE or FAULT lines need to change
state to effect a transition at the output HAND gates of IC4.

2.2.2.4.2. Logic Drive and Output Circuit

From section 2.2.2.4.1., in the event of a fire condition IC4 pin
4 changes from a '1 state to a 10 state, and in the event of a
fault XC'4 pin 3 changes from a Il' to a 10 state.

2.2.2.4.2.1. Fault Condition

With no fault condition TR2 receives bale current drive through
R19 which in turn enables base current drive through TR3 via R27
and the conducting TR2. TR4 will also be switched on since its
base current will flow through R29 and the conducting TR3. With
TR4 switched on RLA will be energized via the 28v supply rail
which feeds the logic driver stage.

With relay RLA normally energized at standby relay contacts RLA
1 and RLA 2 are open. Isolating diodes D14 and D1S are commoned
together by their cathodes to comprise the fault drive output to
the CWU. The isolating diodes are included such that relay
contacts may be checked individually by GSE via the check points
lines at edge connector pins 36 and 34,

When a fault condition occurs TR2 will turn off, TR3 turn on and
TR4 turn off causing RLA to de-energize issuing a tault condition
to the CWU.

2.2.2.4.2.2. Fire Condition

with no fire condition, TRl receives base drive via R20 turning
TR1 on. With TRl collector developing only its saturation
voltage base current supplied by R25 to TR5 is diverted through

TRl thus TR5 is switched off. Under standby conditions, i.e.

with the fault state at standby TP6 wll be switched on as TR3 is
normally on.

When a fire input occurs TRl will switch off causing R25 to feed
base current to TR5. With TR5 and TR6 on RLB wil I energize via
TR7 emitter base junction causing TR7 to switch on passing its
collector load current through R34 to ground.

TR7 acts as a sensing circuit used to pass a confirmation signal
back to the micropcoce~sor indicating that the fire condition has
successfully been initiated. With TR7 off, i.e. no fire
condition, current flows from the A side VDD rail via R7, 03 and
R34 and from the B side VDD rail via R8,D4 and R34 to grotind.
With R7 and R8 each 100k and R34 at 2.7K the anodes of D3 and
D4 will be approximately one diode drop above the Ov rail. This
FIRE TEST VERIFY and is connected to EF4 (NOT) input on the
microprocessor card. For the second side the signal at D4 anode
is taken via R2 to its EF4 (NOT) input on the microprocessor
card.
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When a fire signal is issued by the system TR7 tur is on,
connecting TR7 collector to the 28v rail. This reverse biasus D3
and D4 causing R7/Rl and Ra/R2 combinations to act as a pull up
resistor on the microprocessor flag inputs. Therefore, when a
fire condition occurs microprocessor £F4 (NOT) inputs change from
a lo to a 61' state.

2.2.2.4.2.3. Fault Override

With the series connections of TR5 and TR6, if a fire condition
is being indicated a subsequent fault condition causing TRG to
switch off will make the fire condition at the CWU clear and
indicate a fault condition, i.e. a fault condition overrides a
fire condition.

2.2.2.4.3. Inputs from CWU

The CWU (as described in section 2.3) effects closure of
a switch to the 28v rail if the fire test button is depressed
and closure of a second switch to the 28v rail if the fault test
button is depressed.

The fire and fault test inputs are routed to the FIRE TEST I/P
and FAULT TEST I/P on the common logic cards.

With neither test button depressed both transistors TR8 and TR9.
are switched off and both the FAULT TEST and FIRE TEST lines
fed to the logic board, are at Ov.

When the fire test button is depressed R39 passes current because
pin 22 of the common logic card edge connector is conneced to 28v
at the CWU. D16, a 7.Sv zener diode clamps the voltage level at
the base of TR9, which, with R37, acts as an emitter follower
stage. The voltage at TR9 emitter is then approximately 7 volts.
Similarly, when the fault test button is depressed, a change of
voltage from 0v to about 7 volts occurs at TR8 emitter.

Components C12 and C13 in conjunction with R39, R41, 016 and D17
act to eliminate interference entering the circuit via the cable
connectors from the CWU.

2.2.2.4.4. Low Supply Voltage Detection

2.2.2.4.4.1. The Need For Low Voltage Detection

Low voltage detection is required to ensure correct operation of
the system in the event of short duration loss of power and to
ensure that memory data is not corrupted as discussed in section
2.2.2.2.



rvL
2.2.2.4.4.2. Operation of Low Voltage Detection Circuit

The circuit consists essentially of the quad comparator IC3 and
associated components. The battery card (described in section
2.2.2.6.) supplies, under full charge conditions, a 4 volt power
source to pin 26 of the common logic card edge connector.

(A) VDD RAM is a 5v input supply from the head drive card, this
supply is fed via DI as the supply voltage to the comparator
IC3. Similarly (B) VDD RAN is fed via D19 to the comparator
supply input. Operation is then such that if A supply fails the
comparator continues to function due to the sustained presence of
B supply, and vice versa. The battery input is connected
directly to the comparator VDD input but high current does not
flow from the VDD RAN line (at 5V) to the battery (4V) because a
blocking diode is included on the battery card output line (See
section 2.2.2.6.).

D18 and D19 are included such that in the absence of the battery
t in production, since the battery card feature in for flight
trials purposes only) VDD of IC3 receives current from either A

side or B side VDD RAM supplies.

D7 clamps the battery voltage to 7.SV in the event of an open
circuit battery, protecting the comparator and components which
it controls.

Detection occurs seperately for side A and side B of system A,
operation of which is identical, the following describes the
operation of Side A low voltage detection.

Resistor chain R5 and R6 acts as a potential divider reference
voltage which is fed to the inverting input, pin 4, of the quad
comparator, this voltage is 1.25 volts. The non inverting inpiut
pin 5 of 1C3 is connected to the low voltage detection arm of the
bridge on the head drive card. (See circuit diagram 43761-143
CD) Under normal conditions the voltage is greater than 1.25
volts.

The potential divider chain of Dl0,R2, R3,and R71 on the head

drive card is set such that the voltage at the R2, R3 and R71
node is 1.25 volts when the unregulated supply voltage (a. O0
anode) is 8.1 volts.

At this unregulated voltage the 5V regulator on the head drive
card functions correctly, however to obtain a voltage of 8.1
volts implies that the 115V supply has fallen below 85 volts
A.C., this in turn affects the high voltage to the heads, below
this supply voltage heads may not fire correctly. The action of
the low voltage detection circuit eliminates this unwanted
condition.
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At normal conditions with Pin 5 of IC3 greater than 1.25 volts
the collector transistor output at pin 2 of IC3 will be off.

A second low voltage detection circuit is that formed by the
potential divider of R23 and R24 which feeds comparator inputs,
pins 9 and 11. The Inverting inputs of these two comparators are
connected to the 1.2SV reference point. This detection network
acts to detect the presence of the 28V supply. When the 28V
supply is present the voltage at R23/R24 node is greater than 3
volts. Under all normal fluctuations of the supply rail,
therefore, the transistoc outputs at pins 13 and 14 of IC3 will
be switched off.

1C3 pin 4 output is connected to IC3 pin 2 output both having a
common pull up resistor R13. With both output transistors
switched off, R13 causes the CS2 line, connected to these outputs
to be at VDD RAM voltage.

If the 115V A.C. supply drops below 85 volts the voltage at pin5 of IC3 will drop below 1.25 volts causing the output state of

the comparator to change, a OV condition will now exist at the

CS2 line.

Alternatively if the 28V supply falls below approximately 8
volts, pin 9 of IC3 will now be less than 1.25 volts causing the
output state of the comparator, pin 14 to change, again an OV
condition will result on the CS2 line.

Therefore, either a drop in AC line voltage or a loss of the 28v
supply voltage causes the CS2 line to change from a 'V state to
a 10, state.

Capacitor C2 ensures that VDD RAM voltage stays high for
sufficient time for the correct comparator operation i.e. so that
the comparator reference voltage is held high for a short period
after the VDD RAM regulator input has dropped such that correct
regulator is not taking place.

Assuming that the system has just been switched off, Ca2 will
change from a I1' state to a '0' state. As VDD RAM voltage
collapses the VDD input to IC3 will be powered via the battery

input. The VDD line now has battery voltage which is also fed to
RAM memory on the microprocessor card, thus maintaining memory
content. The change of state of C82 to a '0' via Dl state
disables the CS2 input of RAM memory on the microprocessor card,
a change which must occur before the supply voltage drops out of
range of that specified for correct operation of the
microprocessor chip. For the system design the C92 change of
state to a '0' level occurs approximately 2mS before the Sv
supply rail (VDD) begins to drop out of regulation.
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The action of C52 changing state also has effects on the logic
card (see circuit diagram). The CS2 line via D1 of the logic
card, causes the power-on reset capacitor to be discharged when
CS2 changes to a 10' state, holding the CLR line at a reset state
during the power-off period.

When power is restored to the system the following sequence of
events occurs: VDD RAN line voltage will change from battery
voltage to its normal running voltage level. At the same time,
dependant on how quickly supply voltage on AC and DC supplies
builds up, CS2 line will change to a 'V state. This will cause
Dl on the logic card to become reverse biased allowing the power-
on reset circuit to function. Subsequent removal of the reset
condition causes D2 on the microprocessor card to become reverse
biased and R12 causes C52 to be pulled to a 'l level allowing
RAM memory to become enabled.

This sequence of events ensures that all timing and
initialization needs of the system are met.

2.2.2.4.5. FilterinQ Circuit

Diode DS is an energy absorbing zener diode which clips incoming
high voltage spikes. To keep power dissipation of D8 to sate
limits yet allow all voltage requirements of the logic drive
circuit to be met a fusible resistor of 15 ohm impedance is
included in series with the 28v supply rail.

Diode Dl1 in series with the positive supply rail cuts off any
effects of high negative voltage excursions on the 28v supply
line.

Capacitors C3 to Cll, C14 and C1S are active in reducing unwanted

circuit interference.

2.2.2.5. Common Logic Card (System BJ

(Circuit diagram reference 43761-146CD) - Reference 2-12

System B common logic card uses the same pcb as that for System A
with minor amendments. The amendments are to make links at
comparator IC3 such that the B side low voltage line detection
circuitry is inactive, and to eliminate a NAND gate package
(IC2 on System A common logic card) and associated resistors.

With the of rC2, operation of the fire and fault logic is as if
A side has effected an inhibit on a side logic gating.

Afl. other functions are as per System A common logic card
description.

4'
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2.2.2.6. Battery Card

(Circuit component reference 43761-140CD) - Reference 2-13

The battery card is resident in System B only. It consists of
two independant battery circuits suppling, in the case of Battery
A output, power to System A common logic card battery input.
This is performed by a connecting wire in the system harness on
the aircraft installation.

Battery B supplies power to System B common logic card Battery
input via the CCU mother board.

The battery cells 81 to B6 are sealed nickel cadmium cells with a
240mAH rating. A trickle charge current is fed to the cells via
either Dl and Rl for cells Bl - 03 or D2 and R2 for cells B1 -
86. Isolating diodes D3 and D4 then pass battery current to the
common logic card and RAM on the microprocesor card.

Design of the battery card was based on an average flight
envelope of one and a half hours. Thus, to ensure that
sufficient charge is stored during this period a relatively high
trickle current is necessary. To attain this, a 240maH rating
battery had to be used to ensure that over the operating
temperature range the maximum allowable trickle current was not
exceeded. The design ensures that a battery will supply the
comparator on the common logic card and the RAM on the
microprocessor card for 8 hours after a normal flight envelope.

It should be noted that the battery card is included only for
flight trails and has an operating temperature range limited to -

300 to +450 .

2.2.2.7. Filter Board

(Circuit diagram Ref: System A 43765-028, System B 43765-029) -

References 2-14 and 2-15.
It is necessary for the control unit to meet the conducted
emission, susceptability and transient requirements of MIL-STD-
461A and MIL-STD-704A. This is acheived by three filter networks
on the filter board for System A and two filter networks on the
filter board for System B. To minimize the radiated emission
effect of the incoming supply leads, the filter boards are
mounted as close to the plug as possible.

There are two 115v filters on System A, and onp 28v DC filter.
The 115v filters are designated 115vA and 115vB. The components
that make up 115vA are Ri, Dl, D2, 03 and D4 (transient voltage
suppressors) Rl,R3 and C2. Dl and D2 clip the incoming transient
voltage on one half cycle to approximately 3jOv peak and D3 and
D4 clip the voltage on the following half ycle. Rl provides
some source impedance for the transient voltage suppressors to
limit the current flowing during the transients. Rl is a fusible
resistor which will blow if the circuit exceeds a constant
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current of approximately 0.65A. R3 and C2 act as a radio
frequency suppressor. Similarly, components D5, D6, D7, 08, R2,
R4 and C3 make up the l15VB filter. The 28v filter is made up of
three components on the filter board. Li and L2 slow up incoming
and outgoing current transients, and Cl suppresses incoming
voltage spikes. Further filtering of the 20v DC supply is
carried out on the common logic card as discussed in Section
2.2.2.4. Similarly, System B has the same filter with the
exception of ll5vB which is not required.

2.3. Crew Warning Unit(CWU)

(Circuit diagrams ref. 53813-202-CD) - Reference 2-16

The Crew Warning Unit gives visual indication if either a fire or
a fault is detected on either of the aircrafts engint fire
detection systems.

2.3.1. Construction

General assembly drawing 53813-202A shows the units construction
which is contained in a rectangular box made from stainless
steel. The front panel is (20) high x (61) wide, and is retained
to the box by means of two screws. On the front panel are six
switch/indicator assemblies mounted in three groups of two. The
outer two groups are indicators and the inner groups are
switches. There are also four pillars mounted on this panel
which support a circuit board and the remaining components. The
switch indicator assemblies are connected to the circuit board
and to a square flange bayonet recepticle by means of P.T.F.E.
wire. This recepticle is bolted to the inside of the bottom of
the box by means of four screws. The cable harness is of
sufficient length to allow the four panel assemblies to be
removed from the box to enable any necessary repairs.

The indications are of the sunlight readable type to MIL-S-
22885/90 and the legends OFIRE6 and "FIRE DCT-FAIL0 are only
visible when illuminated. As these indication/switches are not

of the waterproof type it is necessary to have drainage holes on
each corner of the bottom of the box.

The unit is mounted in the aircraft by means of four DZUS
fasteners, two on each side of the front panel.

The unit has a natural polished finish apart from the front panel
which is painted matt black, and has an overall size of 6" wide x
1.75" high x 5" deep. The approximate weight of the unit is
600g.
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2.3.2. Circuit Description

The crew warning unit performs three functions:

i) Fire and fault indication.
ii) Fire and fault test.

iii) CCU reset.

2.3.2.1. Fire and Fault Indication

For increased reliability, LPl - LP4 are wires in parallel and
provide the left engine 'FIRE' indication when supplied by a 24
volt signal from the common logic card in the left engines
control unit. Similarly, LP5 - LP8 provide the left engine "FIRE
DET FAIL" indication.

LP9 - LPl2 provide the right engine *FIRE DET FAILO
indication when supplied by 24 volt signals from the common logic
card in the right engines control unit. Similarly, LP13 - 16
provide the right engine OFIRE DET FAIL" indication.

2.3.2.2. Fire and Fault Test

There are two test button facilities 'FIRE DET TEST' and *FAIL
IND TEST'. The first test button "FIRE DET TEST* is a two pole
normally open momentary action switch Sl. When the switch is
depressed, Sla contacts rlose and supply 24vqlts to the fire test
input on both common logic cards vit DI and D2 isolation diodes.
This action energizes the test emitters as detailed in Section
3.4.3.2., and both FIRE indicators light.

The second test button 'FAIL IND TEST', is also a two pole
normally open momentary action switch, S2. When the switch is
depressed, S2a contacts close and supply 24v to the fault test
input on both common logic cards via D3 and D4 isolation diodes.
This action generates a fault as described in Section 3.4.3.2.,
and both "FAIL IND TEST" indicators light.

The 24v that supplies these switches is filtered to minimize
radio frequency pick-up. DS is a reverse voltage protection
diode. LI suppresses the radio frequency currents and Cl
decouples the radio frequency voltages.

2.3.2.3. Control Unit Reset

The 'FIRE DET TEST" and "FAIL IND TEST' t) switch provides
a second function. When the control units . .I a fault mode it
is necessary to reset them. This can be achieved by depressing
these switches in a particular sequence as described in Voltume
I . S2b connects control line 2 to Ov and Slb connects control
line 2 to control line 1. Control lines 1 and 2 feed to both
control units as shown in installation drawing Z22004. (Reference
2-17)
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3.0 SOFTWARE DESIGN

An overview of the software system is given in par&. 3.1 followed
by more detailed discussion of the software segments.

3.1. Overview of Software

The system software resident in 3K bytes of RON memory serves to
control timing functions of the system, to process and act on
fire data and to effect many system tests designed to prove the
integrity of the system.

The assembled program listings are contained in Appendix A-2,
all software description refers to the relevant program and
should be read in conjunction with the system flow diagram 53813-
203 and 204 MD. (Reference 3-1)

Program structure is such that the majority of functions occur
under interrupt control due to the time dependant nature of the
system requirements.

3.1.1 Software Component Programs

A cyclic operation occurs after the INITIALIZATION program has
been completed, in which the two sides of the system (if System
A) are synchronized and all required registers and memory
locations are set to initial values.

After initialization the BACKGROUND program is entered, the
primary function of which is to carry out tests to prove that ROM
memory is not corrupt. This program is interrupted at
intervals of 832 us to carry out the INTERRUPT program.

The interrupt program has two phases, GATHER and PROCESS, both
are responsible for system timing. During the gather phase the
sides time share is high and at each interrupt event the main
function is to obtain head data. This phase lasts for 167ms.

On completion of the gather phase the time share changes to a low
level and the PROCESS phase commences, this also lasts for 167ms.

At each interupt event during the process phase, system timing
and system interrupts are monitored.

The FIRE program is responsible for processing the head data
and computing if a fire or fault condition is to be set or reset.
The fire program is executed after the gather phase of the
interrupt program and is entered from the background program.
Consequently the fire program is interrupted every 832 us
meanwhile background operation is suspended. Upon fire program
completion background operation resumes.
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The final major element of the software is the GS9 program

which is executed upon command of the remote test equipment.

3.1.2 Program Development

All programs were edited and assembled using an RCA development
system apart from the fire program and parts of the GSE
program which were compiled using a tie to a main frame computer.

Main frame written program was debugged in the same medium and
then combined with the remaining program which was then
debugged using the RCA development system and associated
emulator.

3.1.3 Program Instructions and Language

Appendix A-3 contains a summary of the instruction set and their
function of the 1802 microprocessor.

Appendix A-4 summarizes the level 2 assembly language used in the
listing of the fire and part of GSE program.

3.1.4 RAM Memory Allocation

Fig. 3-1 maps the useage of memory locations in the RAM area
between locations OCOO and OCFF.

.3.1.5 Register Allocation

Pig.3-2 shows the major useage of microprocessor registers.

3.1.6 Flags and Interrupt Data

The major memory locations utilized for flags and input data is
shown in Table3-1 where individual bit useage is identified.

3.2. Initialization Program

The function of the initialization program is to set registers
and memory locations such that upon entry to background,
interrupt and fire programs, correct program operation
occurs.

The second main function of the initialization program is to
cause correct start up and phasing of the two processor sides if
the system is h type.

3.2.1. Memory Locations and Register Initialization

At start up interrupts are disabled (line 4) and program
control is moved to register P7 (line 10) Power-on reset causes
program counter RO to be reset to H'0000' and program runs
from this program step under control of RO. Operation must be
moved away from RO control because the DMA capability utilized by
the hardware required RO to act as a memory pointer to which data
is being passed.
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REGISTER US(AGR

RO DMA Memory Pointer

SRI interrupt Program

R2 Stack Pointer

R3 Background Program

R4 Used By Interrupt Program

R5 Lower Half Used As Interrupt Timer
Upper Half Used As Temporary Store In
Interrupt Program

R6 Used By DNA Program

R7 Initialization & GSE Program

R8 Used As Subroutine Pointer

R9 Used As Subroutine Pointer

RA Used By Fire Program

Re Used By Fire Program.

RC Pointer To ROM For Background Program

RD Used By GSE Program

RE Used By Fire Program

RF Used By Fire Program

FIGURE 3-2 REGISTER ALLOCATION



TABLE 3-1
MEMORY LOCATION USEAGE

I
I

MEMORY IDENTITY BIT ALLOCATION
LOCATION 7 6 5 4 3 2 1 0

OC22 ..Status - Check H' Parity Parity
Register Data Data 1 2

Output
OC23 Status Time GSE Head GSE Inhibit Fire Fault DKA

Register Share 1 Test 2 Data

True Inhibit Fire Fault
OC24 Status

Register

Internal Fire Fire Other Enter
OC25 Flags Button Test Button Proce- Rom Head Fault Fire

Register (High) Flag (low) esor Check Test Button Program
Dead

OC45 Port 3 GSE 4 Fie GSE 2 GSE 3 Fault GSE 1
Data I/P Button I/P I/P Button I/P



Registers are initialized for pointing to RAM memory locations
specifically RO, the DMA pointer, R2, RS, RA and RF (lines 12 -

15).

At this point, program operation determines whether it is to
run the fire program or under control of GSE. The hardware
input, bit 5 of port 3 called GSE 4 INPUT, is set to a '1' if GSE
is disconnected and '01 if GSE is connected and active.
Program steps at lines 18 to 20 determine the GSE status. If
GSE program is to be run a jump to the separately described GSC
program occurs.

A fire program will automatically occur if GSC is not
connected.

Program then determines whether it has data retained in memory
from a previous flight. To perform this, three locations are
allocated to storage of an identity pattern. On start- ip, all
RAM locations will be in a random tit pattern if the battery is
not holding RAM supply voltage up. By setting the three
locations to a bit pattern, A5,AS,A5, the program can determine
whether the memory should be reset.

If data has been retained from a previous fligh. and memory not
read out (and subsequently reset) by the GSF .hen the pattern
A5,A5,A5 will exist at locations OCOl, OC02 anc OCO3.

The program at lines 21 to 43 check for the A5,AS,A5 pattern,
if confirmed the memory is not reset. If not confirmed, the
program utilizes a subroutine RMTAR, fabcribed in Section
3.2.4. to test and reset to zero all locations of the volatile
memory (note that this reset function serves to reset the main
timer at location OC26 and OC27). Subsequently, locations OCO -
OC03 are all set to contain bit pattern AS.

The initialization program then sets the H(OLD) location OCC7
to H'F' indicating at this stage that all heads in the system
are good. Subsequent head tests and fire program will then
modify this location according to the aircraft configuration and
number of heads utilized within tnat configuration.

Program lines 44 to 50 effect zeroing of memory locations
referred to on the memory map as W,X,Y,Z,W',X',Y',F and F'.
These locations are used by the fire program and are further
described in Section 3.5.

The rocessor side row needs to know whether it is to act as a
mastar or slave processor. The purpose of this hardware input is
to enable software to set the operation of the two sides such
that they are functioning in anti-phase, i %. while say, side 1
is in the gather phase, side 2 will be in the process phase.

To input the hardware status of the master/slave bit, which is
resident on DMA input ports, it is necessary to effect a
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j bootstrap DNA operation and then to run software checks on the
w input data. This operation is performed between lines 51 and 71

and is identical to that described in Section 3.5.1.1.

The configuration data of the DNA po:ts i' then stored at
location OCD7 and is called the configuration yte (lines 72 to

*74).

For correct operation of its first pass it must appear to the
fire program that DNA data has been received from the second
processor. To effect this the low bits of memory locations OCDP
to OCE6 must be set to 1,1,0,0,1,1,0 and 0 respectively. This is

* effected between lines 75 and 79.

At line 80 che program looks to see if the inhibit line into it
has been flagged high by the second side. This operation is
included here to eliminate the possibility of the return to a
functional state of one side after its power lines have been
interrupted. This is necessary because the system cannot
reconfigure tc a two sided system once one side has exhibited a
fault cendition. Therefore, if a system started with both sides
functional, and then say side 2 failed due to a power supply
interruption, side 1 would reconfigure to a single sided system
and raise its inhibit flag line. In the unlikely event of side 2
being repoweced while side 1 is still running, the software of
lines 80 and 81 ensure that the side runs into a latching fault
LACHFL routine, effectively running in a passive loop.

Timer constraints explained in Section 3.4.3.3. are then loaded
to memory locations OC28,OC29, and OC2A (lines 87 to 89). This
is followed by clearing memory locations OC20 to 0C25, locations
used by the gather phase of the interrupt program (lines 91 and
92).

Line 93 sets parity bits for transfer by DMA activity as
discussed in Saction 3.4.4.

3.2.2. Start up Timing

Assuming that the system is A type, it is necessary to ensure
that both sides are synchronized in a manrec so that one side
will issue its time share high (allowing hardware to pass high
voltage to the heads) and the second side will issue its time
share low (such thAt its heads are off line). Subsequent timing
of the two sides operation is then accomplished by the interrupt
program.

What must be taken into account is the fact that both sides msy
differ slightly in the time taken to reach a given point in the
program. This difference is a function of the tolerance of
components associated with the Opower-on reset" circuit and
tolerance of the crystal and hence the system clock.
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Program execution between lines 96 and 145 takes the above
timing discrepancies into account, operation of which is as
followst

When program execution of say, side 1 reaches line 96 a
hardware flag is output on the time share output line of port 4.
This flag output is also drctly connected as a flag input to
the second side on its S?2 NOT) input. Conversely, the 8F2
(NOT) flag input to side signals the status of side 2
processors time share line.

Allowance is made for the possible delay of the second side
reaching the point where it issues a flag '1' level on its time
share line. A time delay is built into the program, throughout
which a check to see whether the £F2 (NOT) input has changed
state. If the time delay times out (approximately 6 seconds
later) before side 2 issued £F2 (NOT) a 1 then the second side is
inhibited. Lines 98 and 99 load the delay constant to the timer
and program jumps to line 110 to execute the delay. After each
instruction the status of the EF2 (NOT) flag is checked. If it
changes state the delay program is terminated by a jump to
label HALF.

side has failed to start (or that the system is type B). This

results in the logging of an error code to a location reserved
for codes which effect shut down of the second processor. The
time of shut down is also logged. Locations used are OClB and
OCID.

Assume again that correct start up of both sides has occurred
then the slower side, on entry to the time delay program, will
immediately exit from same because the quicker side has issued a
time share 'I' flag and is at this time executing a delay
sequence. At the moment the slowest side issues a high time
share output, synchronization has been achieved and both sides
proceed to the next step by determining at line 103 whether they
are master or slave. If the side is master, program jumps to
label 00 on line 128.

If the side is slave, the time share line must be reset to '01
i.e. heads off line (at line 107).

3.2.3. Further Housekeeping Requirements

Further housekeeping requirements for correct entry to the fire
and interrupt programs must then occur. Line 108 sets RO to
OCFF, because subsequently the slave side goes directly (via the
background program) to the fire program, this program
expects to see OCFF in RO as if a DMA transfer has taken place in
the previocs gather phase. Because at this time no prior gather
phase has taken place for the slave side, it must be simulated.
A flag is then set in the internal flags register, OC25 such that
the fire program is immediately entered via the background
program described in Section 3.3.
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Program execution has now reached label GO at line 128. At
this point the interrupt program counter R1 is loaded with the
start address of the interrupt program (H'0606).

Register R2, the stack pointer, (described in Section 3.4) is
initialized to point at stack memory location oC90 and RS and R6
are initialized to suit the needs of the interrupt program.

It is necessary to process the configuration byte before entry to
the fire program. This is effected by setting the address of
the program ADJ8ET in R9 and then executing a subroutine call
at line 136, the resultant parity checksum generated by ADJSET is
stored at OCDA by line 137.

After enabling interrupts to occur (line 138) program control
is passed to R3 and execution resumes via the background
program.

3.2.4 Ram Test and Reset Routine

This subroutine is called by the initialization program and the
GSE program. its function is to perform a test on all random
access memory locations and then to reset them all to zero.

Program listing is shown from line 146 of the initialization
program.

Entry to the program is at line 149, all locations are checked
by loading AA to each, followed by reading them back to the
accumulator and executing a check to ensure that the write
operation was correctly performed. This is repeated by writing
55 to each location. Failure to respond correctly to the test
results in the loading of a fault identity and a jump to the
LACHFL routine.

following the above test all memory locations are reset to zero
and the program control is returned to the calling program.

3.3. Background Program

The background (or main) proqram performs a continuously
cycling test on the content of the read only memory, thus
ensuring that at all times, all program steps are correct.
This is necessary particularly in the case of routines that are
not flexed in the course of normal operation or when FIR9 ot
FAULT buttons are pressed, for example LACHFL.

In effect this program in split into 12, 256 byte pages. Each
page is checked individually by adding all bytes together, the
resultant byte (ignoring all carries) is then compared with a
checksum stored in a convenient area of the memory. Failure to
check out correctly causes the side to shut itself down.
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As a confidence check the second side allows a given time for
the primary side to carry out the check (and vice versa). The
second side, as part of the interrupt program, down counts a
register. If the counter reaches zero befove the primary side
indicates (via DMA transfer) that the operation has been
completed on all RON a fault condition is issued by the second
side and effects a shut down of the faulty side by issuing a high
on its inhibit line.

The background program is functional only when head data is
being gathered, i.e. when time share of the side is high, and the
program operation allows only one page to be checked per gather
phase.

Further operation of the background program is to control the
entry to the fire program.

3.3.1. Background Program Operation

On entry to the background from the initialization program, a
register ib set up pointing to RAM, this pointer is initially set
to OCOO, i.e. 1 byte above the highest program bit (OFF), this
occurs on lines 0010 and 0013.

A memory location is assigned to act as an accumulator for
ongoing result of the addition of each memory byte within the
page being checked. This memory location is OC2C.

A check to determine whether time share is high or low is then
carried out at lines 14 and 15, the check is carried out once,
ie. on entry to the background program from initialization and
allows immediate transfer to the fire program if the side is
slave.

The same check is then carried out at lines 17 and 18 as part of
the cyclic operation of the program.

To ensure that only one page of memory is checked per gather
phase the check at line 19 is included.The interrupt timer R5 (0)
which counts down from HIC80 at the start of the gather phase, to
H'131 at completion. Checking for the Rs (0) value being less
than H'C01 gives a window of eight interrupt occurrences for the
page check to be started. Because the page check will take more
than eight interrupt periods, only one page is verified per
gather phase.

The test at line 19, if passed, leads to the checking of a page
of ROM. The accumulator at OC2C is then rezeroed. (line 22).

Program lines 23 to 26 get each ROM byte as pointed to by the
pointer and adds them into the accumulator. At the completion of
the page the resultant accumulator value is compared with the
check sum values stored at memory locations 0800 to 0808.
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Location 0800 points to page 0 checksum, up to location 080s

which points to page B checksum. The fact that the lower byte
value of the memory location is the same as the page number is
utilized by the program to access the checksum value (line 28
and 29). Lines 30 and 31 execute the checksum comparison with
the page accumulator, failure to compare correctly results in the
loading of a fault identity and a jump to the LACHFL routine
(line 48).

With the page correctly checked, the page pointer is initialized
to the next page below or if zero page has just been checked,
back to page B. (lines 32 to 36)

Program continues by returning to the label HELIUM by this time
the interrupt counter is below H'CO' and no new page of program
is checked. Instead program jumps to line 49 where it wants to
see the occurrence of a flag which allows it to proceed to the
fire program. This flag (bit 0 of OC25) is set by the
interrupt program at the completion of the gather phase (line
146 of gather phase interrupt program). When the flag line is
set, program proceeds at line 51 where parting bits of the DMA
status register are loaded before passing program control to R7
which is the fire program pointer.

At the occurrence of subsequent gather phases the next page of
RON is checked as pointed to by the high byte of the RON counter.
When the check at line 34 indicates that all pages have been
checked program jumps to line 38. A flag is set at bit 3 of the
internal flags register at location 0C25 which is used as an
indication that the ROM check has successfully been completed.

Program then repeats RAM checking from page B to page 0, in a
continuous cycle.

3.4 Interrupt Program

3.4.1 Interrupt Program Common to Gather and Process Phases

The interrupt program is' responsible for timing of the two
phases of operation, i.e.gather and process phases.
The phases are so called because during gather, head data is
being input to the system and during the process phase the
received data is being processed by the fire program.

The interrupt program also performs logical operations on the
head data as it is received and is also responsible for
transfering data to the output port from the output register.
This data is loaded to the output register at various points
throughout the background and fire program, there will
therefore in most cases be a finite delay (less than 832
microsecs) betwen an output state being requested and being
executed.
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The program is entered at line 72 of the gather phase listing
of the interrupt program. Register R2 is pointing to a stack
in memory such that on entry a new free area of stack is made
available by operation at line 72. The T register (which
contains the X and P pointer register values immediately after
the interrupt event) is then saved in the stack, another free
area is made available and the value of the accumulator (D) and
the carry flag (DF) are also saved ip the stack.

At lines 78 to 80 a memory location is pointed to which is to
save the new state of the 8 heads available as input port 7.
Memory location 0C44 is the location used. Instruction on line 83
effects the storage of the head data.

The program next checks to determine whether the test flag is
set. The test flag is set by the last interrupt of the process
phase when it computes that 15 seconds has elapsed since the last
head test. If this flag is set the effect of program lines 87
to 94 is to set the output port 4 with FIRE - i, INHIBIT a 1,
HEAD TEST - 1. This is copied from the output status register,
however the true status register does not have FIRE a I and
INHIBIT - 1 because the real condition is that a fire does not
exist the output is only as a response to a test condition.

At this time the internal flags register is also copied to R4(1).

The head test output at 1' causes the emitters at the detectors
to fire such that during this gather phase a large number of
pulses is input to memory allowing the fire program to verify
quality of heads.

The fire and inhibit line outputs at '1' level allows the cutput
relay to operate, in fact due to the speed of software operation,
a signal at EF4(NOT)input will change state and be verified
before the mechanical contact has time to change over. The
result of verification is to immediately set inhibit and fire
outputs back to zero.

Line 96 of the program checks to see whether the result of the
output to fire and inhibit lines has resulted in the feedback
check path to EF4(NOT) changing state.

If the change has occurred and the test flag was set it is rest
and the fire and fault signals returned to zero (if a true fire
was not existing at the time the test was performed). To verify
this, reference is made to the true status register, operation of
this conditional reset is documentea between lines 183 and 198.

The EF4(NOT) line will also be indicating a fire condition at the
output if a true fire exists or if the opposite processor is
conducting a test on the output circuit, these conditions are
tested between lines 172 and 182. If the conditions are met then
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program operation continues at line 99, otherwise the F4I(NOT)
line has been raised in response to a hardware circuit failure
and the side is shut down by entering a fault code and branching
to LACHPL.

If. the condition at line 96 is such that no return signal at
£F4(NOT) has been received then this is conditional on whether a
test had been initiated. If the test had not been initiated,
then no high signal would be expected and program continues at
line 99. If however a test had been initiated and no response
has occurred, several reasons exist for this. They ate that the
fault output is set, and because in the hardware of the common
logic card fault over rides fire, no return confirmation wi.l
occur. Or because the second sides inhibit line is raised.
Failure to meet these conditins indicates that the lack of
response to the test is a function of hardware failure and a
fault is issued via the LACHFL routine. If the conditions are
met operation contines at line 99.

At line 99 the interrupt timer, which controls the duration of
the time share period is decremented.

At line 104 it is determined whether the time ahare line is high
or low and program divides accordingly.

3.4.2 Gather Phase Program.4

If at line 104 time share is low the gather phase program
starting at line 107 is executed. The head data stored at OC44
is processed in the manner described in section 3 of Appendix A-1
such that the FOURS, TWOS and ONES COUNT is generated, this is
peformed (lines 108 to 129) in such a way that when all three
registers are full no overflow occurs.

FOURS, TWOS and ONES data is stored at locations OC40, OC41 and
OC 42.

The data so stored can represent up to a maximum of 7 counts in
one gather phase, i.e. if bit 0 of each location is set to a 'V
the head 1 has gathered a minimum of 7 strikes in the gather
phase. At each occurrence of the interrupt program during the
gather phase the three locations are updated according to the
latest data available from the heads.

On completion of the head data procesiing the program
determines whether the gather phase is complete by looking at the
count in the interrupt timer counter (line 131). If the count
has reached D'131 then the number of interrupts since the start
of the gather phase has been 200 (the interrupt counter was
initially set to D'213'). As each interrupt is 832 microsecs
apart it follows that the total length of the gather phase is 832
x 200 microseca ie 166.4 mS.

If the count has not decremented to D°13 ° program returns to
background operation.
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If the gather phase is complete, operation determines firstly
whether the completed phase was one where a head test was carried
out, i.e. with emitter struck. The head test line of the output
register is looked at (line 133 to 137) if high the last phase
was a head test. 1
Program operation then verifies whether the emitter circuit has
fired, this is carried out by observing the EF3(NOT) status.

Two conditions then exist, if the head test was requested, the
EF3(NOT) line should give a positive verification, program
execution jumps to line 148 and the F3(NOT) line is checked. If
the verification shows that the emitters had not received a
strike initiating voltage a fault code is loaded and a jump to
the LACHFL routine occurs. This is necessary as the system would
otherwise be unaware of the status of heads (lines 164 and 165).
If the flag line shows that emitters do have a strike voltage
applied, the head test line (and the GSE 2 line which mimics it)
is reset at line 157.

A short delay of approximately 160 micro sacs is then initiated
at line 159. When this times out a further check is carried out
to determine whether the emitters ia. - cleared in response to
line 157. The delay is necessary to ensure that head circuit
capacitance does not influence the result of the test at line 161
where again the emitter voltage is examined. If for any reason
(i.e. a hardware failure) the emitter voltage remains high a
fault identity is loaded and a jump to the LACHFL routine occurs.

If no head test was requested during the last gather phase,
program continues at line 138 at which the emitter line
EF3(NOT) is checked. Program expects to find that the emitter
line voltage is low, however if the flag indicates that it is
high (due to a hardware failure) then a fault identity is loaded
and a jump to the r-ACHFL. routine occurs.

Program operation has now reached line 140 at which the
interrupt timer is reloaded to a count of 213 ready for timing of
the next process phase. The time share output (and GSE1 output
which mimics it) is reset to zero such that the heads are taken
off line ready for the process phase (lines 142 to 145).

Before returning to the background program, the fire program
flag is set (bit 0 of memory location 0C25), this enables the
background program to pass control to the fire program as
explained in Section 3.3.

Exit from the interrupt program commences at line 66 where the
statuses D, DF, and T are recalled from the stack and reloaded
appropriately ready for the return to the program that was
interrupted (at line 71l.
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3.4.3 Process Phase Program

The process phase program starts at line 66 of the listing
titled "Process Phase Interrupt Program"

The primary function of this program segment is to perform and
monitor timing functions of the system. The program ensures
that the duration of the process phase is correct and monitors
the second side to ensure that it is effecting correct timing of
the gather phase.

At line 66 the first check is to determine whether the second
side is functional, this is executed by checking the internal
flags register which has previously been duplicated to register
4.

3.4.3.1 Process Phase Operation for a Currently Fault Free
System A

The program contines at line 70 and commences to carry out
timing checks on the second sides time share output.

The gathering and processing sides will both be decrementing
their respective interrupt times at the rate of one per
interrupt event. When the gather side decrements to a :ount of
13, at which stage it changes its time share output from 11' to
S'0', the process phase interrupt timer should also contain
approximately 13, errors will exist due to component tolerances.
If the process phase timer decrements to zero before the gather
phase time share changes from '1' to a '0' state, then the timing
is sufficiently in error for the side acting in process mode to
effect the shut down of the second side.
Program at line 70 checks to determine whether the interrupt
timer has reached 0, if it has program jumps to line 192.

The internal flags register is checked to see if the second side
is already inhibited, if not it up dates the. register and loads
an inhibit flag to the true status register (line 196). An error
code is then loaded to the location (OClD) defining the reason
for a second side shut down and the time at which the event took
place is copied from the main timer counter to locations OClB and I
OClC (lines 197 to 203). I
The output register at OC23 is then copied with an inhibit flag
which is subsequently output to hardware at the next entry to the
interrupt program (line 204 and 205). A jump to the program
segment which is functional only at the completion of the process
phase then occurs (Section 3.4.3.3.)

If the interrupt timer has not decremented to zero the time share
status of the second side is checked to determine whether it has

f" changed to a zero.

If a change of the second side from a gather to a process phase
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is indicated, program continues at the segment which is
functional at the completion of the process phase (section
3.4.3.3.)

If no change of the second side from gather to process is
indicated, program continues by handing control to the DMA
program explained in section 3.4.4.
On return from the DMA program the interrupt program is
exited via the status restoration path explained in section
3.4.2.

3.4.3.2.Process Phase Operation for a Faulty System A or a
system B

Operation in the process phase is identical for a faulty second
side and a system B. In both cases at some time previously bit 4of the internal flags register has been set high. The result of

the test at line 68 is then to cause program to jump to line
188.

When one processor side is off (or not included as the system B
case) timing control is effected by the good side. To perform
this the interrupt timing register is checked to determine if
the process phase is completed (line 189). Time out occurs
similarly to the gather phase when the reginter has decremented
to D1131. If time out has not occurred, program control
returns to the background program via the exit route which
reinstates saved conditions. If the time out has occurred a jump
at line 190 to line 75 is effected.

3.4.3.3 Program Operation at Completion of the Process Phase

After the last interrupt has occurred in the process phase, i.e.
when the interrupt timer has decremented to D13', program will
be routed to the listing from line 75.

The first step is to set the time share output to a 'I' (and to
set its mimic GSE 1), this is performed between lines 75 and 8o
where the new data is first copied to the output address register
before being output to hardware.

The interrupt timer is then re-initialized to a count of 214
ready for the next gather phase.

Lines 83 to 96 process bit 3 of location 0C25, the RAM check
status bit. This bit will periodically be set to I' by the
successful completion of all RAM memory locations. The bit is
transferred, by masking, to bit 3 of the location involved in DMA
transfer i.e. OC22. At the same time the flag at bit 3 of OC25
is reset such that a.|other successful RAM check will re issue the
flag.

Lines 98 to 100 then reset the head test and fault status bits of
the output register to zero, new data is then copied in at the
commencement of the next interrupt.
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The condition of the fault and fire buttons are then tested to
determine if a test is requested. The button status' are input
at line 103 and masked to eliminate unwanted data on this input
port, the result is stored at R5 (1). The fault flag is then
copied into the flags register and the output register. Operation
(between lines 107 and 120) is such that if the button-was
previously depressed and is now clear the flag and output
register condition is cleared.

Line 121 to 131 perform the same function for the fire button,
the flags register and the output register is set or reset
accordingly. However in this instance the fire button results in
raising the head test bit of the output address register to a
'1'. This in turn causes the emitters to be active on all
subsequent gather phases while the fire button is being
depressed. The result therefore is that a fire condition is
initiated at the CWU as a result of the emitter stimulus. in
this way a test of the system logic is performed.

In the case of the fault test the fault lamp being illuminated at
the CWfU is only a check on common logic hardware.

When the fire test button is pressed, the time of depression is
logged in memory locations OC1 and OC.F by copying the main
timer content. This is carried out such that GSE can compute
event times with respect to the time that tte fire test button is
depressed. With the pilot directive that the absclute - of
the fire test must be recorded during pre-flight checks, a met ie,,'
of relating events during flight to real timtp exists.

Line 143 then effects the output of fault line and head test line
requirements according to the demands of the test buttons.

At line 144 the memory location which contains the ROM check
timer is decremented and checked to determine whether it is zero.
This function acts as a check on the second side and is a race
against the successful completion of the ROM check. For example
side 1 will perform a ROM check every 12 time share periods at
the end of which a flag is DNA transferred to side 2 to state
that tie test has been completed. On receipt the fire program
resets the ROM timer to a high value. If the timer times out
before '-he next receipt a fault is indicated implying that side I
has not completed the test in the time specified.

At line 149, if the ROM timer has decremented to zero, program
jumps to line 209 where a check to determine whether the second
side is already logged as faulty is carried out. If not lines 210
to 218 outputs an inhibit to the output and true status registers
and stores a fault code and time of fault at locations OC1B to
OClD. If the fault condition is new or not, program continues
at lin.- 219 where the inhibit condition is stored in the output
register for subsequent output at the next entry to the interrupt
program.



A similar procedure to the ROM check race is used to check that
the second side is performing a head test every 15 seconds.

The counter at location 0E29 is decremented at the completion of
the process phase. If it times out before the occurrence of the
second side's head test a fault condition is initiated. When
the second sides head test is performed the DMA status
transmitted reflects this and the fire program re-initializes
the counter (see Section 3.3.2.2)

Line 150 to 153 decrements the 16 second counter and checks for
zero content. If the count is zero a jump to line 223 occurs. A
check is carried out to determine if a fault has previously been
initialized by this route, if not flags are set at bit 4 of the
internal flags register and bit 3 of the true status register.
An error code and time of error is then loaded to locations OC1B
to OClD (lines 226 - 234). At line '35, if the fault condition
is new or not an inhibit bit is loaded to the output register.

Program next jumps to line 154 at which the timer responsible
for setting a head test at 15 second periods is decremented. The
timer (at location OC28) is then checked for zero content.

If the timer has timed out at line 158 the timer is reset to its
initial value.

The main timer is then incremented at lines 158 to 166 taking
into account the fact that the counter is two locations wide and
incrementing the high byte if Qverflow from the low byte occurs.

Note that the main timer is incremented once every 15 seconds
thus all data events are recorded against 15 second markers.

At lines 167 to 177, to prepare the next gather phase for a head
test, bit 2 of the internal flags register, the head test bit is
set. The ouLput register head test bit and its mimic GSE 2 is
also set to '11.

The internal flags register test flag (bit 6) is then set to 1
at line 178 to 182. The new output register status is then
output at line 184 causing hardware to pass a high voltage to the
emitters.

At line 185 whether the 15 second period was completed or not, R6
is loaded with requirements of the DMA program (section
3.4.4.). The process phase is completed by returning to the
background program via the exit routine at line 66 of the
gather phase program where saved conditions are reinstated.

3.4.4 DMA PrOgLaJD

The DMA program takes data from memory locations 0C20 and OC22
and transfers it out serially via bit '01 of the output port.



The required sequence of events is to set or reset bit '0'
according to the data bit being transmitted. An output
instruction to port 1 which acts as a clock pulse effects data
latch into, and initiates DMA operation of the second side. The
cycle repeats until all data is transmitted. Each data bit is
transmitted twice, the two memory locations OC20 and 0C22 are
reset as the transmission occurs.

Only one DMA operation occurs on each event of the process phase
of the interrupt program, since 16 data bits are transmitted
twice, 32 interrupts occur after Q is set by the fire program
before all data is transferred.

On entry to the DMA subroutine which occurs during each pass
through the process phase, the status of the 0 bit is first
checked. DMA transfer will only occur if the Q bit is set, as
dictated by the Fire program (section 3.5) if not set, control
returns to the calling program

Register R6, previously set at the last P&3s through the process
phase to H'O1O', is used to determine whether the data bit is
being transmitted for the first or second time and to count the
number of bits transmitted. Bit '0' of X6(1) is at '1' if the
bit being transmitted is first pass and at '0' if second pass Bit
4 of R6(1) is used to indicate if both bytes have been transfered
Because 16 transfers per data byte occurs, R6(0) is initially set
at H '10' and is used to determine when all bits have been
transfered twice.

When Q becomes set by the fire program , the DMA progran which
samples the 0 line at each pass, through the process phase,
proceeds to line 16. At this point R8 is set to be used as
pointer to the output register and two locations from which data
is to be output (0C23, OC22, and 0C20 respectively).

At first entry, R6(1) bit 0 is at "I' and program continues at
line 20 where R6(l) bit 0 is reset. At line 22 and 23 bit 0, the
data transfer port of the output register, is cleared to '0' and
at lines 24 and 25 the low bit of location OC22 is copied to the
output register.

Program steps 26 and 27 then output the data bit which is
subsequently clocked into the second side by an output
instruction to port A. Decrementing R6(0) at line 28 indicates
that one transfer of the current byte at OC22 has taken place.
With R6(O) now at H 'OP' program jumps to the exit segment o[
the interrupt program.

On the next entry to the DMA program bit '0' of R6(1) is now
zero and from line 19 program jumps to line 42. At this point
R6(l) bit '0' is reset to 'l and the data at OC22 is shifted
such that the next bit for transfer is now resident at bit '0'
position.
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The branch from line 46 to 26 now initiates the second transfer
of the first bit which is still stored at bit 0 of the output
port. Register R6 is decremented before exit from the interrupt
program occurs.

At the third and fourth entry to the DMA pcogram the second bit
of location OC22 is output. This is repeated until all bits of
OC22 have been transferred, at this titme when the test at line 30
occurs R6 (0) is zero. A check at line 31 determines if both
bytes have been transferred. If bit 4 of R6(l) is low as at this
time it is set to a '1' along with bit '0' of R6 (1), R6(O) is
re-initialized to enable the next 16 data transfers to be counted
(lines 33 to 35).

The memory location now to be transferred serially out is OC20,
this is first moved to OC22 from which the transfer will occur.
(lines 36 and 37).

Subsequent entries to the DMA program cause the second data
byte to be output in similar manner as the first until at line 30
the test again shows that R6(0) is zero. As this pass the test
at line 32 shows that both data bytes have been output and
program jumps to line 39, at which R6 is re-initialized and the
Q output reset such that no further DMA activity can occur. Te-
DNA program exit then occurs, and all subsequent entries cause
no data transfer until the next fire progrim issues Q - 1.

3.5. Fire Program

The main function of the fire program is to process head data
obtaine6 from the last gather phase of the interrupt program
resulting in the indication of fire or fault conditions.

Data may be fice data or data indicating the status of heads if
the last gather phase was coincident with a head test.

The aupplied data is processed as per the requirements of Volume
I, Section 4.

The general method by which this data is processed is outlined in
Appendix A-i.

Subordinate functions carried out by the fire program are;

a) Recording the time at which a fire event
occurred.

b) Recording the adjacency area in which the
fire condition occurred.

c) Recording the time at which the fire reset
occurred.
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d) Recording the time at which heads fail to
respond to head tests.

e) Recording how close the system comes to
kindicating a fire condition in terms of the

number of successive gates filled by 4 or
more pulses.

f) Recording the number of fire events.

Program listing for fire program is carried out in level 2
assembler a language peculiar to RCA. A summary of commands are
contained in Appendix A-4.

Fire program listing is split into three segments named UNPACK,
RENEW and FSET. These three programs call up three
subroutines, ADJPR, ADJSET and HEADS.

3.5.1. Program Segment UNPACK

The program execution is dependant on whether the system is
running as a System A or System B. (Note System A operation with
a failed side is effectivley a System B)

Upon entry to the program access to the internal flags register

at OC25 and detemines whether the second side is functional.

3.5.1.1. UNPACK With Both Sides Functional

If both sides are functioning correctly.

If data has been passed from the second side during the last
gather phase then the register RO, used as the pointer for DMA
data should be set to OCFF, this is checked by the program. If
incorrect data has not been correctly received and a fault
identity is loaded. Two reasons for this existz

Firstly, due to some failure of the receiving processor, the
second may have initiated an innibit. Program looks at the
status OL its EFl (NOT) flag, if set (-'') then the second
processor has initiated a side shut down. As a result a branch
to the fault latch routine (LACHFL) occuLs.

If EFl(NOT) - 0 no inhibit has occurred and due to failure to
send data the second side is inhibited by jumping to program at
NYOFFI. Program route in UNPACK is followed fqr a failed side
and is discussed in Section 3.5.1.2.

At line 90, the data pointer (RO) is reset to OCDP ready to
receive data at the next gather phase via DMA activity.

Program operation then checks that received data is via the two
separate input channels of the logic card DMA circuitry. This It
does by checking the port identity bit of the received data
(referred to as X bit on flow diagram).



The check is carried out on memory locations OCDF and OCEO. Data
at location OCDF should be as a result of one DMA port, data at CA
OCEO should be as a result of the second DMA port. The hardware
is wired such that the port identity bit is *0' at one input port
and at 'l on the second. The logic check at line 95 compares
the two bit3. If different, operation continues at label PS2. If
incorrect a fault label is loaded and program executes a self
shut down by LACHFL routine.

Further checks on received DMA data are carried out on the parity
b. s which are transmitted prior to any good data. Low bits of
OCDF, OCEO, OCE1 and OCWC2 should be 0,0,1,1 respectively. Lines
101 and 102 check for tis compliance, failure causes program
to pass to NYOFF1.

It is also essential to prove the hardwire linking configuration
of the DMA ports which identify the adjacency set information to
the program. It was essential to use two ports in the design
such that verification could be achieved. This check is carried
out at lines 105 to 111 by comparing memovy locations OCDF and
OCEO after inputed data and port identity has been masked off.
The master/slave bit setting is also included in the check.
Incorrect configuration results in a fault identity loading and
jump to LACHFL routine.

Because of the need to include at the DMA ports a port identity
bit it became necessary to eliminate one of the adjacency bits.
Referring to the adjacency table of Section 9 of the report in
Appendix A-l, it can be seen that by utilizing the 4th order bit
only two adjacency set configurations are lost. However, it was
evident that the set identified by llllllXX is desirable as this
is the only case when a single headed system can be implemented.
The second lost configuration identified by 011111XX is
effectivley duplicated by the configurtion ll010OXX.

Since without the fourth identity bit it is possible to identify
the case 11111 as being unique, the proqram checks for this
condition. To preserve the adjacency program written for 6 bits
the 5 bit ja is converted to 6 biti before being stored to

.1 i' location OCD7. Lines 113 to 120 check for the. fourth
- der case and store the configuration datA te the appropriate
location.

The DMA received data from side 2, at location,, -,- to OCFE is
only contained in the lowest order bit of ech hyte. It is then
nocessary to unpack the status byte and the byte (H') containing
either head data or tthe byte (W') containing the head test data.
Note that the dash notation refers to the data received from the
second microprocessor to distinguish it from that of the prime.

Lin es 122 to 142 unpacks this lata and reconfigures it to two
single bytes. Unpacked data is stored at scratch pad locations
OCBS8 and ocB9.



3.5.1.2. UNPACK With One Side Faulty
(Or System B operation)

The jump to program label NYOFFI occurs due to a detected
failure. Program at line 214 logs the status of the second
processor at its internal flags register (bit 4 of OC25). Also
true status and output status registers 0C23 and 0C24 are updated
with inhibit flags set at bit 3 position.

Bedause program still requires the aircraft configuration data
at'the two DMA ports, it must *bootstraps this information into
memory. The hardware allows this to be effected by executing an

OUT 2 instruction as described in Section 2.2.2.3.6. The
configuration is inputed twice allowing delays such that data is
transferred correctly (lines 221 to 224).

Program execution then checks for corcect port identity,
correct duplication of configuration bytes and checks for fourth
order adjacency bit before storing the data, in similar manner to
that of Section 3.3.1.1.

If correct data is not received from the second processor, the
register containing WI,X',Y, as described in Section 10 of
Appendix A-1. must be set to zero to ensure correct
operation of the fire program. The H' register must also be set
to an all faulty status. This operation is effected betwoen
lines 250 and 254.

Subroutine HEADS is then called. This processes received head
condition data.
3.5.2. Program Segment RENES.

The main function of this program segment is to update all
registers associated with computation of fire conditions or all
registers associated with head status dependant on whether the
last gather phase gathered fire data or was & head test.

Program operation commences with a check on whether the second
processor is successfully carrying out its own cherk on ROM
content. The result of a successful check by the second
processor is to initialize a flag bit in its status register
which is subsequently transferred across by DMA activity. Lines
156 to 165 determine whether the status bit has previously been
set by the second processor. If yes, the countdown ROM timer is
preset to its initial count down value.

Further operation is dependant on whether received DMA data was
W1 or H' type. This is checked at lines 166 to 169 by observirg
bit 3 of the received status byte which is '0' if W1 and 'V if
H' gather function.
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3.5.2.1. RENEW if W' Type Data
~i

If the received data (now unpacked and resident at scratch pad
location OCBS) is fire data, the registers W',X' and Y' must be
updated. This operation is carried out after the jump from line
169 to NYOFF4 at line 196.

W' X' and Y' information is contained at location OCCC, OCCD and
OCCE respectively. This data has to be shifted such that the
last gather phase Wl moves to XI etc. i.e. Wl --- > X', XI --- > Y'
and Y' is lost. This function is performed by lines 196 to 202.

3.5.2.2. RENEW if H' Type

If the received data was HI type, program continues at line
173. Firstly, it acknowledges the receipt of H' data by
presetting the counter at OC29 to its initial down count value
(line 174 to 176).

The H' data is then processed by the ADJPR subroutine described
in Section 3.5.3.6.3. and then by subroutine HEADS.

At this point whether the system is A or B type all HI and W'
data has been correctly processed according to the requirements
of Appendix A-i. 4Program action now concentrates on processing data from the4

last gather phase of its own side i.e. on W and H type data.
NYOFFS at line 262 is the point from which this is carried out.

Again dependant on whether data is W or H type two different
routes are taken. The sides own internal flags register is
interrogated to determine this at lines 263 to 264. The Jata
about to be processed is that contained at the FOURS register
location (OC40).

3.5.2.3. RE,..W if W Types

The fire register F at OCD4 determines whether a fite is to be
set. If a fire condition is existing, the fire indication
remaining on is dependant on whether the new data received is
such that at least two pulses per gate are being received as per
the requirement stated in Volume I. Therefore, a fire condition
for a head remains if the logic condition F AND 2's or 4s is
satisfied. This result is stored for DMA transfer to the second
side at location OC20 (to be received by side 2 as W'
information) and as W information.

Similarly, to W' data, W is processed by updating registers
containing X,Y and Z data (as defined in Section 10 of Appendix
A-1.)

Registers W, X,Y and Z are at locations OCCF, OCD1, OCD2 and OCD3

respectively.



b-. ~. Data W moves to X etc., i.e. W-->X, X-->Y, Y-->Z and Z is lost.

The above processing is carried out at lines 327 to 340.

3.5.2.4. RENEW if H TYpe

If the last gather phase for its own side was a head test, H is
processed accordin'g to program starting at line 277.
Initially, a check is carried out to determine whether the new
he.'ad status data H has differed from the previous H data
(obtained 15 seconds previously).

The previous head status data is stored at location OCC7 and is
termed HO. It determines whether a change of status has occurred
when logic operation of lines 279 to 283 are performed. If the
status has changed the new status is loaded to location 0CC7 and
the time of this change is logged at OCC5 and OCC6 by copying the
main timer value to these registers. In this way the time of the
last head failure can be identified.

The H data is also stored at OC20 for subsequent DMA transfer
(see lines 290 and 291).

H data is subsequently processed by subroutines ADJPR and HEADS
and ADJSET described in Sections 3.5.3.7.3., 3.5.3.7.2.,
and 3.5.3.7.1. according to lines 292 to 315.

The check sum figure generated through the ADJSET subroutine is
then checked against the previously stored checksum at OCD2. If
the new check sum differs according to lines 317 to 322 a fault
code is generated and program jumps to LACHPL.

At the completion of the caps segment of the program a flag is
set to allow the process phase of the interrrupt program to
transfer data by DMA activity. The flag set is by raising the Q
line output high and is performed at such a time that all data to
be transferred has been loaded to locations OC20 and 0C22.

3.5.3. Program Segment FSET

The main function of this section of the fire program is to
calculate whether a fire condition should be set or reset
according to all the data available.

Ddta logging functions are also performed.

Program FSET commences at line 356.

3.5.3.1. W COUNT Register

The initial operation performed by FSET is to update the memory
location OCC3 and OCC4, termed the W count register. This
register acts as a counter to store all occasions when a head has
registered four or more head strikes in one time share period.
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Each bit of the W register indicates if a particular head has
received 4 or more strikes in the last gather phase. For each
'1' level in the W register the W COUNT register is incremented
unless that is it is already full, (corresponding to
approximately 65000 gates). This incrementing is only performed
i the received data is not as a result of a head test.

Program implementation of the above is shown between lines 359
and 384.

3.53.2. Fire Level Logging

For a System A a fire condition is achieved when 6 consecutive
gates (3 on each side of the system) are filled. A record is made
of how near to this fire condition the system gets. For
example, 5 consecutive gates may fulfil the fire condition but
the 6th be clear. This is termed 5th fire level. The program

treats the 6 gates W or ZX,Y, and W',XI and Y' as a window, thus
if say W,Y and X' were indicating filled gates (with 4 pulses) a
3rd level fire condition is registered.

When a fire level is detected the time that the event took place
along with the head indicating the fire level is recorded.

This program is skipped if the current data being processed is
as a result of a head test.

Memory locations OC51 to OC55 and OC66 are used as scratch
registers for this program while locations 0C56 to 0C65
contain the stored data, according to the RAM memory chart,
Figure 3-1.

This operation is fulfilled by program lines 386 to 444.

3.5.3.3. Calculations of Fire Conditions

Fire set 4nd reset conditions are calculated from line 450
onwards. With reference to Section 10 of Appendix A-1.,
initially FL (termed in the software listing as the reset
condition byte) is generated. Program lines 450 to 458 are
responsible for this function.

Fire generation conditions according to the logic of Section 10
of Appendix A-1. are calculated between lines 462 and 502. This
results in scratch pad register OCBS8 containing all zeros if the
fire is to be reset otherwise a fire condition is to be set or
sustained.

3.5.3.4. Fire Condition Logging and Outputting to Hardware

If no fire condition is indicated the outputting program is
skipped, When a fire condition is indicated by software the time
and the adjacency set which caused the fire condition are logged.
The program is arranged such that the occurence of the first fire
and its start time is logged at locations OCCO, OCCl and OCC3.



OCGF. This procedure enables the duration of the 1tre event to
be determined. To identify whether multiple fire events have
taken place the memory location OCBC is used to store the number
of fire events that have occurred. These operations above are
carried out between lines 511 and 528 of the program.

The completed fire, or no fire, condition is then output to port
4 at line 535.

The fire condition is also saved at output status and true status
memory locations.

3.5.3.5. Reverse Adjacency Processing

To enable the head data to be utilized in determining the next F
register, the head data which has been adjacency procesed has to
be unprocessed. This is performed as described in Section 11 of
Appendix A-1.

The reverse adjacency processing is carried out between lines 547

and 564.

3.5.3.6. Housekeeling and DMA RAM Checks

At the completion of the fire program various resetting and
checking operations are carried out between lines 576 and 589.

The FOURS, TWOS and ONES registers (memory locations OC40, OC41
and 0C42) are reset to zero at lines 567 and 568. This is to
enable correct operation of the next gather phase. I
The memory locations OCDF to OCFE which receive DMA data, are
also exercised to prove their correct operation. This is carried
out by loading a pattern of H'AA' into each location and then
checking that this write condition was successful This is
repeated with a pattern of H'551 to prove that each bit iscapable of being set to '1' or 01. Failure to respond correctly
to the tests results in the loading of a fault identification and
a branch to LACHPL routine. I

The DMA memory locations are then reset to zero and the DMA
pointer register RO is set ready for the next DMA transfer.

Program operation then returns to the background program, pointed

to by R3, at line 596.

3.5.3.7. Subroutines

3.5.3.7.1. ADJSET Subroutine

This subroutine !t uted to create the adjacency forms ADJ1, ADJ2,
ADJ3 and ADJ4 as required by sections 5,6,7, and 8 of Appendix
A-i. These forms are created from the configuration byte at
locations OCD7 and stored at locations OCD$, OCD9, OCDA and OCDB.
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A checksum generated through the program and is used to check
that correct processing of the configuration data has been
performed.

The AD3SET subrouti.,e is shown between lines 602 and 668 of the
fire program.

3.5.3.7.2. HEADS Subroutine

Thi;s subroutine is used to determine whether the number of heads
in the system are sufficient to satisfy the adjacency set
requirements. If a fire area has no ability to detect fire
conditions the result of the computation (.GNOT.H').AND.(.NOT.H)
will be non zero. This non zero result is used to indicate a
fault condition. This fault condition is copied to the true
status register and output register. The fault is then copied
to hardware by the next interrupt program. HEADS program is
performed between lines 679 and 706.

3.5.3.7.3. Subroutine ADJPR

This subroutine is used to process the recelved head data W,W1,H
or He, condensing the individual head status into adjacency
format. This is performed in accordance with Section 11 of
Appendix A-i.

Program operation is performed between lines 714 and 735.

3.5.3.7.4. Subroutine LACHFL

This subroutine is called by the fire program and other
programs of the system.

its essential function is to shut down its own operation. Entry
to the routine is performed with the accumulator containing the
fault identity code of the function calling the LACHFL routine.

A list of codes generated before entry to the LACHFL routine are
documented in Figure 3-3.

The routine saves this error code at location OCBS along with the
time (related to the main program timer) that the failure
occurred at locations OCB3 and OCB4.

The interrupt routine is disabled on entry to the program.

Output code H'42' is passed to output port 4 before going into a
loop, effectively stopping program operation. This output code
raises the hardware GSE2 line high and issues a fault line high
to the common logic circuit.

Program operation is performed between lines 747 and 768.
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FAULT IDENTITIES

Self Shut Down Modes

Identity Description

01 No return path from o/p relay

02 Faulty common logic (alarm return permanently high)
03 No emitter operation (or return path)
04 Permanent emitter operation (or return path)

05 No emitter reset when reset by program

20 Error at RAM check

24 Bad DNA RON check

25 Different Paths Check

28 No good paths

29 X bits of two DNA ports not different

30 Left configuration different from right configuration

A7 Being inhibited by opposite side

Bad sum check byte

P9 X bits of two DMA ports not different

rP fault at RON check.

opposite side shut down modes

Identity Description 3

80 Opposide side time share did not set at initilization

81 Opposite side time share time out incorrect

82 Opposite side not confirmed RON check complete

83 Opposite side not conCirmkd 15 second head test

FIGURE 3-3 FAULT IDENTITIES

67
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3.6 GSE Interface Program

The GSE program acts interactively with external ground support
equipment which is detailed in a separate report.

The GSE program is entered if at start up the GSE 4 input line
on port 3 is found to be at '1' at line 18 of the initialization
program. The three GsB inputs, 1, 2 and 3 then determine which
program is to be run. With three inputs eight programs are
available.

Programs written in the system software are headed:
1) Idle

2) Output Data
3) RAM Retention Part A
4) RAM Retention Part B
5) Common Logic Check
6) ROM Test
7) ROM Test and Reset
8) Board Test Routine

On entry to the GSE program the status of port 3 is input and
all unwanted bits masked off such that only the three inputs, GSE
1, 2 and 3 are remaining (lines 15 to 17). A series of tests
between lines 18 and 26 then determine which test is to be run
according to the setting of GS! inputs 1, 2 and 3.

Completion of each test requested of the CCU results is
confirmation by appropriately setting the GSE 1 and 2 output
lines. This enables the connected ground support equipment to
determine if the test has been passed or failed.

3.6.1 Idle Program

The idle routine has no specific function to perform, it is
merely a convenient state to leave the system in when no function
is being performed. Program operation starts at line 27. At
line 28 the GSE 1 and 2 output lines are both set high by an
output instruction. Program then runs into a loop at line 29.

3.6.2 Output Data Program

This program is responsible for transmitting out the contents
of the RAM memory for analysis by the GSE. All memory locations
are transmitted in ASCll format at a rate of 300 baud.

The program from line 61 uses two subroutines, a delay routine
called DELAY and a routine called out which outputs ASCII
characters via the 0 line which acts as the serial output port.



ReV'e ctS as -- i4Memory from 2"-ieh 4atA is to
be output. This ts Iritialized to OCOO at lines 61 to 65. Start
addresses of the two subroutines are then loaded to registers 8
and 9 at lines 67 to 70.

The computer card in the ground support equipment expects to see
a string of characters which define where the following data is
to be loaded. The string IM4400 is a statement that the memory
contents of the CCU are to be stored from a starting address of
4400.

Lines 71 to 79 load sequentially the above string in ASC11
equivalent, by executing the OUT subcoutine the character is
transmitted on the 0 line.
Lines 80 to 82 cause a space character to be transmitted 24
times, this causes the printer of the GSE to be set correctly to
print the data as it is transmitted simultaneous with its storage
to memory.

Program between lines 83 and 107 cause each CCU RAM memory
byte, starting as address OCOO, to be converted into ASCII format
and transmitted.

A carriage return character is then transmitted, this is
recognized by the GSE computer card as the conclusion of data
transfer.

The GSE I line is raised to a '11 indicating that the program
sequence has been completed (line 111) and a loop function is
executed at line 112.

3.6.2.1 Subroutines of Data Program

The ASCII characters, output at 300 baud, consist of a high level

start bit, 7 data bits, an even parity bit and two stop bits.
This requires that each bit be held high or low on the Q line for
3ms. The delay subroutine at lines 144 to 148 executes a 3ms
delay before returning to the calling program.

On entry to the OUT subroutine, at line 115, registers are

initialized R3(0) acts as a bit counter. The Q line is set for
3ms, this is the start bit. At line 121 a check is carried out
to determine if all data bits of the ASCll character have been
transmitted. If not, the next bit is shifted into the carry
register (lines 122 to 124) and dependant on the bit being 10 or
'1' the Q output is reset or set and the 3ms delay activated.
Note that at line 126, register I is incremented if the next data
bit is a 1'1. This register acts to accumulate of the number of
'11s' transmitted.

ro



When the test at lirf., 21 determines that all bits have been
transmitted program "e to line 131, at which Ri is Used to
recall if an odd or even number of 'l's have been transmitted
(lines 131 to 133).

If ever the Q line is set, if odd, the Q line is reset and the
3ms delay is initiated, thus performing parity transmission.
Two stop bits (zero's) are then transmitted by resetting a and
executing two 3m delays (lines 138 to 140).

Contro then returns to the calling program.

3.6.3 RAM Retention Program (Part A)

This program is designed to run in conjunction with Part B
(Section 3.6.4). Its function is to set up a data pattern in
memory which is checked by Part B. The mode of use is to set the
data pattern and subsequently switch system power off. On power
up Part B then checks if the data pattern has correctly been
saved by the battery back up and its associated control hardware.

Part A serves to set the data pattern HOO' at location OCOO
H'Ol' at location OC01 etc. up to H'FF' at location OCFF.

Program execution starts at line 30 and is completed by 3etting
GSE 1 output to a '1' level at line 35 before entering a loop at
line 36.

3.6.4 RAM Retention Program (Part B)

This program serves to check the bit pattern set in memory by
Part A (Section 3.6.3). It does so by adding all memory location
contents together (disregarding overflow) the resultant figure is
then checked against a checksum.
Program execution starts at line 37. Lines 40 to 42 get and
add all memory data bytes together storing the accumulated figure
at R6(0). When all bytes have been added, the result is compared
with the checksum at line 44.

If the check is good (i.e. the memory pattern is the same as that
set by the program of section 3.6.3) both GSE 1 and 2 output
lines are set to 'I' before a loop is executed at line 48.

If the check shows an error, only the GSE I output line is set to

a 'I' (line 49) before a loop is executed.

3.6.5 Common Logic Program

The common logic program acts in conjunction with the ground
support equipment to test the logic block of the common logic
card. The test is designed to flex the fire and inhibit lines
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individually such that it can be proved that in normal operation
a fire condition is only indicated when both sides set their
respective outputs. The output conditions on GSE 1 and 2 lines
enable GSE to determine what part of the common logic program
iR being executed.

At program entry, a bootstrap operation on the nMA port is
carried out to access the master/slave bit. At line 10, if the

side is slave, execution of a 2 second delay occurs at lines 21
and 22.
If the side is master, the following sequence of events takes
place.

1) Issue a time share, fire and GSE 2 output to port 4 (line
11) and execute a delay for 400ma (lines 12 and 13).

2) Reset fire and GSE 2 outputs and set inhibit and
GSE 1 outputs (line 14) and execute a 400 ms time
dealy (lines 16 and 17).

3) Reset inhibit and time share lines, and set GSE 1
and 2 outputs (line 18) then execute a loop at
line 19.

If the side was slave, after the completion of the two second
time delay (line 23) the master sides time share t is repeatedly
sampled until it is reset after execution of the above steps
(lines 22 and 23). When this occurs the slave side also executes
the sequence of steps 1, 2 and 3.

3.6.6 ROM Check Program

The RO4 check program is that run in the backgound program,
as described in section 3.3.

The ROM check set up program sets data correctly for entry into
the background program. The time share bit of the output
register must be set to a '1' (line 30 and 31) because the
background program will only execute ROM check if tne phase is
gather. Furthermore it will only carry out ROM check if if the
interrupt timer R5(0) has a count above H'CO', therefore line 32
stores H'FF' to R5(O). Entry to the background program occurs
at line 35.

3.6.7 Board Test Program

The board test program listed from line 150 of the GSE
program is used to fault find boards and does not interact with
the ground support equipment or the normal operation of the CCU.

7;
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4.0 TESTING

4.1 Functional Tests

Functional testing of the component parts of the system was carried
out in accordance with the following Graviner Quality Control Data

Sheets, which form Appendix No. B-I to this report.

Detector Unit Types 53522-011 and 5"'l-012

Q. Data Sheet No. Q.5304. Issue A

Paragraphs 5.2., 5.2.1., 5.3., 5.4.1., 5.4.2. and 5.5. j
Applicable limits, Type 3 as paragraph 5.6. of 0.5304, aDpropriate
at and between the declared extremes of operating temperatures.

Crew Warning Unit Type 53813-202

Q. Data Sheet No. Q.5308 Issue CrJ
Paragraphs 4.3.2, 4.3.3, 4.3.4, 4.3.5, 4.3.6, 4.3.7, 4.3.8, 4.3.9
and 4.8.

Applicable limits, Type 3 as paragraph 8 of Q.5308, aporopriate at
and between the delcared cxtremes of operating temperature.

System A. Control Unit Type 53813-203

Q. Data Sheet No. 0.5309 Issue A

Paragraphs 4.1, 4.2.1, 4.2.2, 4.4, 4.5, 4.7.3, 4.7.4, 4.7.5, 4.7.6,

4.8.3.1, 4.8.3.2, 4.8.6.2, 4.8.6.3, 4.8.9, 4.8.10, 4.9.2, 4.9.3,4.9.4, 4.9.5, 4.10.2, 4.10.3, 4.10.4. 4.10.5, 4.11.3,2, 4.11.3.3,

4.11.3.5, 4.11.6, 4.11.7.1, 4.12.10.2 and 4.12.10.3.

Applicable limits, Type 3 as Appendix 1 of 0.5309, appropriate at
atd between the declared extremes of onerating temperature.

Svstem B. Control Unit Type 53813-204

C. Oata Sheet No. 0.5310 Issue A

Paragraphs 4.1, 4.2.', 4.2.2, 4.4, 4.5, 4.7.3, 4.7.4, 4.8.3.1,
4.8.6.2, 4.8.6.3, 4 . l 4.8.4, 4.9.2, 4.9.3, 4.10.2, 4.10.3,
4.10.4, 4.10.5, 4.11 ,4.11.6, 4.11.7.1, 4.12.6.2 and 4.12.6.3.
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Applicable limits, Type 3 as Appendix I of Q.5310, appropriate at

and between the declared extremes of operating temperature.

4.2 Qualification Test Plan

The Qualification Test Plan is incorporated as ATS No. 52, Issue 5
which forms Appendix B-2 to this report.

A separate test plan has been formulated for Electromagnetic Inter-

ference with is incorporated as Appendix B-3 to this report.

4.3 Qualification Tests

4.3.1 Samples for Test

The following sarmles were SUDPied for testing:

Crew Warning Unit Type 53813-202
Serial Nos. 100 an. 101

Computer Control Unit Type 53813-203
Serial Nos. 100 and 101

Computer Control Unit Type 53813-204
Serial Nos. 100 and 101

Dual U.V. Detectors Type 53522-011
Serial Nos XPl, XP2, XP6 and XP7

Single U.V. Detector Type 53521-012
Serial Nos. ENV, XPl, XP2 and XP5.

4.3.2 Approval Tests

The following tests onlv, of ATS No. 52 were carried out:

4.3.2.1 Weight (ATS 52 Para. 4.1.1)

The weights of a representative samnle of components submitted for
approval testing were checked and recorded as follows:

C.W.U. Type 53813-202 ./No. 100 0.581 Kg.
c.C.U. Type 5381 203 S/No. 101 3.699 Kg.
Detector Type 535'1-011 S/No. XP2 0.142 Kg.

S/No. ZP7 0.156 Kg.
Dezector Type 53521-012 S/No. XP2 0.099 Kg.
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4.3.2.2 Size (ATS 52 Para. 4.1.2)

The dimensl if all samples submitted for aDproval testing was
checked a L the relevant drawings and were found to be satis-
factory.

4.. ,2.3 Visual Examination (ATS 52 Para. 4.1.3)

All samples submitted for approval testing were examined for
correctness of marking, workmanship, visible defects, and were
found to be satisfactory.

4.3.2.4 Center of Gravity (ATS 52 Para. 4.1.4)

The center of Gravity of the following items of equipment was
established using the knife edge method and is shown in Figure
Nos. 4-1, 4-2, 4-3, 4-4, and 4-5.

C.W.U. Type 53813-202 S/No. 101
C.C.U. Type 53813-203 S/No. 100
C.C.U. Type 53813-204 S/No. 100
Detectcr Type 53522-011 S/No. XP6
Detector Type 53521-012 S/No. XP1

4.3.2.5 Voltage Supplies (ATS 52 Para. 4.2.1)

The component parts of the system were operated from power supplies
in accordance with MIL-STD 704A, Equipment Category B, Emergency
supply condition.

A.C. Volt&ge Limits 102 volts 380 Hz to 124 volts 420 Hz

D.C. Voltage Limits 16 to 29 volts

4.3.2.6 Voltage Transients (ATS 52 Para. 4.2.1)

The effect of the following voltage transients on the system has

been established.

Voltage Duration
190 0.10 second
174 0.40 second
139 4.00 seconds
137 5.00 seconds

!I
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Testing was carried out in accordance with MIL-STD-704A and the
results of the tests ae recorded in Lucas Aerospace Report No.
LM80876. Appendix 5 (AED.ENV.480550) which forms Appendix B-3
to this report.

4.3.2.7 Supply Interruption (ATS 52 Para. 4.2.1)

The effect of Supply Interruption to the system has been established.
Testing was carried out in accordance with MIL-STD-704A and the
results of the tests are recorded in Lucas Aerospace Report LM 80876
Appendix B-3 (AED.ENV 480550).

4.3.2.8 Insulation Resistance (ATS 52 Para. 4.2.2)

Insulation Resistance Tests were carried out where necessary during
approval testing as follows:

C.C.U 30 volts d.c. between all unearthed terminal pin and case.
(Leakage current not to exceed 1.5 uA)

The insulation resistance measured at all times
exceeded 20 Megohms.

C.W.U. 500 volts d.c. between all unearthed terminal pins
and case.

The insulation resistance measured at all times exceeded
20 Megohms.

Detector Unit. 500 volts d.c. between all unearthed terminal pins
and case.

The insulation resistance measured at all times
exceeded 20 Megohms.

4.3.2.9 Electromagnetic Interference (ATS 52 Para. 4.2.3)

The system has been tested to comply with the Electromagnetic
Interference requirements of MIL-STD-461.

This work was carried out by Lucas Aerospace and the results of the
tests are recorded in Lucas Aerospace Report No. LM 80876 which
forms Appendix B-3 to this report.
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4.3.2.10 Chattering Relay Test

The following test was carried out as a requirement of General
Dynamics, using the following equipment-

System 'A' C.C.U. Type 53813-203 Serial No. 100
System 'B' C.C.U. Type 53813-204 Serial No. 100
C.W.U. Type 53813-207 Serial No. 100

and using the test configuration as shown on Figure 4-6.

Transient Impulse Susceptibility

No change in indications, malfunctions or degradation of performance
shall be indicated in any equipment and/or its load when exposed to
an impulse type electromagnetic field generated by a type MS25271
(or an acceptable equivalent) when wired for continuous oDeration
with a switch in series with the positive side of the line from a
28V D.C. power source. No. suppression components (shielding, diodes
etc.) shall be attached to the relay or its wiring. The unshielded
positive lead leaving the switch shall be laid over three side of
the test sample and then connected to the relay. The unshielded
return lead from the relay shall be taped to, and in parallel with,
input power leads, signal leads and interconnecting leads. The
total length of each external wiring harness paralleled with the
relay circuit shall not be less than 60 inches. The 28V input shall
be reversed and the test repeated.

Equipment Used

System cableform as used for EMC testing refer to EMC report for
details. Cableform wiring as per drawing Z22004.

Relay Type (NATO Stock No. 5945 92 192)
Elliot HF 1201 COO

Control Unit System A (53813-203) Serial No. 100
Control Unit System B (53813-204) Serial No. 100
Crew Warning Unit (53813-202) Serial No. 100

Test Performed

The equipment was arranged as per Test set up and relay wiring

diagrams.
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With the system power switched on the control units were observed
to function as per respective Q data sheets paragraphs 4.3.1 and
4.3.2.

The chattering relay supply was switched on and again paragraphs
4.3.1 and 4.3.2 of Q data sheet were carried out, namely

(1) Depression of fire push button and observing that both L.ENG
and R.ENG fire lamps operated correctly.

(2) Depression of FAIL IND Test button on C,W.U. and observing that
FIRE DETECT FAIL lamps functioned correctly. Correct operation
of GSE1 and GSE2 lids on GSE control unit was also observed.

At no time during the test did the system show false indications,
malfunction or become degraded.

The chattering relay supply was then switched off, the 28V supply
reversed and the test repeated. Again no false indication, mal-
function or degradation of the system was observed.

Conclusion

The system passed the chattering relay test.

4.3.2.11 Response and Reset Time (ATS 52 Paras. 4.3.2 and 4.3.3)

System 'A' comprising, C.C.U. Type 53813-203, S/No. 100, C.W.U. Type
53813-202, S/No. 101 and Dual Detector Type 53522-011, S/No. XP6 was
subjected to Response and Reset Time test as follows:

The response time of the system was measured when the detector was
exposed to a U.V. source at a distance of four feet.

The reset time of the system was measured when the U.V. source was

removed from the view of the detector.

Exposure Response Time Reset Time

1 1.23 seconds 0.84 second

2 1.25 seconds 0.85 second

3 1.28 seconds 0.95 second
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System 'B' comprising C.C.U. Type 53813-204, S/No. 100, C."T.U.
Type 53813-202, S/No. 101 and Single Detector Type 53521-012, S/No.
ENV was subjected to the response and reset time tests as previously
described with the followiag results:

Exposure Response Time Reset Time

1 1.12 seconds 0.79 second
2 1.01 seconds 0.86 second
3 1.14 seconds 0.87 second

4.3.2.12 High Temperature (ATS 52 Para. 4.4.1)

System 'A' comprising C.C.U. Type 53813-203, S/No. 101, C.W.U. Type
53813-202, S/No. 100 and Fuel Detector Type 53522-011 fitted with
fly leads (No Serial Number) was subjected to the high temperature
requirements of MIL-STD-810C, Method 501.1, Procedure 1 modified as
follows:

Detector - 24 hours exposure to 2600 C
C.W.U. - 48 hours exposure to 710C
C.C.U. - Not tested.

System response and reset with the detector at 2600 C was as follows:

Exposure Response Time Reset Time

1 1.35 seconds 0.952 second
2 1.15 seconds 0.832 second
3 1.26 seconds 0.911 second

The results of functional tests conducted on the C.W.U. at 710 C are
recorded in Table No. 1.

System 'B' comprising C.C.U. Type 53813-204, S/No. 101, C.W.U. Type
53813-202, S,'No. 100 and Single Detector Type 53521-012 fitted with
fly leads (No Serial Number) was subjected to the high temperature
requirements of MIL-STD-810C, Method 501.1, Procedure 1 modified as
follows:

Detector - 24 hours exposure to 260 0C
C.W.U. - As previously tested
C.C.U. - Not tested.



System response and reset with the detector at 260°C was as follows:

Exposure Response Time Reset Time

1 1.24 seconds 0.928 second
2 1.06 seconds 0.878 second
3 1.08 seconds 0.870 second

4.3.2.13 Low Temperature (ATS 52 Para. 4.4.2)

System 'A' comprising C.C.U. Type 53813-203, S/No.101, C.W.U. Type
53813-202, S/No. 101 and Dual Detector Type 53522-011, S/No. XP6
was subjected to the low temperature requirements of MIL-STD-10C,
Method 502.1, Procedure 1 and was exposed to a temperature of -540C
for a period of 24 hours.

System response and reset at -540 C was as follows:

Exposure Response Time Reset Time

1 1.804 seconds 0.907 second
2 1.253 seconds 0.908 second
3 1.183 seconds 0.939 second

The results of functional tests carried out on the C.W.U. and the

C.C.U. at -540 C are recorded in Table Nos. 2 and 3 respectively.

System 'B' comprising C.C.U. Type 53813-204, S/No. 101, C.W.U. Type
53813-202, S/No. 101 and Single Detector Type 53521-012, S/N:o. ENV
was subjected to the low temperature requirements of MIL-STD-810C,
Method 502.1, Procedure 1 and was exposed to a temperature of -540C
for a period of 24 hours.

System response and reset at -54°C was as follows:

Exposure Response Time Reset Time

1 0.842 second 0.774 second
2 0.861 second 0.752 second
3 0.494 second 0.879 second

The results of functional tests carried out on the C.C.U. at -54°C
are recorded in Table No. 4.
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4.3.2.14 Altitude (ATS 52 Para. 4.4.4)

Dual Detector Type 53522-011, Serial No. XP6 and Single Detector
Type 53521-012, Serial No. ENV were subjected to the altitude require-
ments of MIL-STD-810C. Method 500.1, Procedure 1 and was exposed tc
altitude pressures equivalent to 70,000 feet (1.33 in Hg) and -1000
feet (30.12 in Hg) for periods of 1 hours each.

Throughout the test the detectors were connected to their respective

C.C.U. and C.W.U.

System response and reset times after the altitude test were as
follows:

Detector Type 53522-011, S/No. XP6

Exposure Response Time Reset Time

1 1.26 seconds 0.843 second
2 1.27 seconds 0.932 second
3 1.26 seconds 0.791 second

" Detector Type53521-012, S,/No. ENV,

Exposure Response Time Reset Time

1 0.95 second 0.826 second
2 0.89 second 0.724 second
3 0 93 second 0.664 second

4.3.2.15 Acceleration (ATS 52 Para. 4.4.10)

System A, C.C.U. Type 53813-203, Serial No. 100 and System B, C.C.U.
Type 53813-204 (with battery card), S/No. 100. C.W.U. Type 53813-202,
S/No. 101, Detector Type 53522-011, S/No. XP6 and Detector Type
53521-012,S/No. ENV were subjected to the acceleration requirements
of MIL-STD-810C. Method 513.2, Procedure 1.

Acceleration levels of 25.5? were applied in each of three mutually
perpendicular planes, in both forward and reverse directions and were
held for a period of 60 seconds in each direction.

On completion of acceleration testing functional tests were conducted
in accordance with the relevant Q.data sheet, the results of which are
recorded in Tables No.s 5, 6, 7 and 8 (Appendix B-6).
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4.3.2.16 Vibration (ATS 52 Para. 4.4.13)

The following items of equipment were subejcted to the following
vibration tests:

Crew Warning Unit

Crew Warning Unit Type 53813-202, Serial No. 101 was subeJcted to
a resonance search in accordance with Specification MIL-STD-810C;
Method 514.2-2, Procedure 1; Curve J of Figure 514.2-2 and to
random vibration in accordance with Specification MIL-STD-810C;
Method 514.2, Procedure IA; Figures 514-2-11A and 514-2-2A.

Computer Control Unit

The units, Computer Comtrol Unit Type 53813-203, Serial No. 100
(System A); Type 53813-204; Serial No. 100 (Systen B with Battery
Card), were subjected to a reeonance search in accordance with
Specification MIL-STD-810C, Method 514.2.2, Procedure 1, Curve J
of Figure 514.2.2; to random vibration in accordance with Specifi-
cation MIL-STD-810C, Method 515.2, Procedure 1A, Figures 515-2-11A
and 514-2-2A.

Detector Units

Detector Unit Type 53522-011, Serial No. XP6 and Detector Unit Type
53521-012, Serial No. ENV were subjected to a resonance search in
accordance with MIL-STD-810C, Method 514.2, Procedure 1, Curve G
of Figure 514.2-2 and to random vibration in accordance with MIL-
STD-810C, Method 514.2, Procedure IA, Figures 514.2-11A and 514.2-2A.

All items of equipment functioned satisfactorily during and after
vibration testing and the results of functional tests are recorded
in Table Nos. 9-20 inclusive (Appendix B-6).

This test work was carried out by E.M.I. Electronics Limited,
Feltham, Middlesex, and the details of the vibration tests, including
equipment axes, frequency ranges, vibration levels, resonance search
results, are fully reported in E.M.I. report No. ENV 2739 which forms
Appendix 8-4 to this report.
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4.3.2.17 Acoustic Vibration (ATS 52 Para. 4.4.14)

Dual Detectors Type 53522-011, S/Nos. XPI and XP7, Single Detzctor
Type 53521-012. S/Nos. XPI and XP5 were subjected to the acoustic
vibration requirements of MIL-STD-810C, Method 515.2, Procedure 1.

The units were exposed to an overall sound pressure level of 154 dB
measured using three Bruel and Kjaer Type 4135 microphones for a
period of 30 minutes.

Functional tests were carried out before and after testing and the
results are recorded in Table No. 21 (Appendix B-6).

This test work was carried out by British Aerospace, Dynamics Group,
H.atfield, Hertfordshire.

Report No. ETR 2297, Test House Certificate A.W. 117 which forms

Appendix B-5 to this report.

4.3.2.18 Mechanical Shock (ATS 52 Para. 4.4.12)

C.W.U. Type 53813-202, S/No. 101; System A. C.C.U. Type 53813-203,
S/No. 100; System B C.C.U. Type 53813-204, S/No. 100. Detector Unit
Type 53522-011, S/No. XP6 and Detector Unit Type 535Z1-012, S/No.
ENV; were subjected to the mechanical shock requirements of MIL-STD-
810C, Method 516.2, Procedure 1.

Each item of equipment was subjected to a total of 18 shock pulses
of 20.0g for a duration of 11.0 milliseconds. Three (3) shocks in
each of 3 mutually perpendicular planes in both forward and reverse
directions.

Functional tests were carried out after shock testing and the results
are recorded in Table Nos. 22, 23, 24 and 25 (Appendix B-6).

4.3.2.19 Flame Sensitivity (ATS 52 PAras. 4.3.2 and 4.3.3)

System A, comprising C.W.U. Type 53813-202, Serial No. 100; C.C.U.
Type 53813-203, Serial No. 100 and Dual Detector Type 53522-011
without Serial number fitted with fly leads was subjected to the
flame sensitivity test as follows:

The detector unit was exposed to the radiation from a 5" diameter pan
fire containing JP-4 aviation fuel at a distance of 4 feet.
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The system indicated "Fire" after exposure to the flame. The "Fire"
indication continued when half of the flame radiation was blocked from
view of the detector and the system indicated "Fire Out" upon vemoval
of the fire radiation source.

System response and reset times were measured at the system supply
voltage extremes with the following results.

System A

System Supply 16.Ov D.C. 29.Ov D.C.
Voltages 102v. 380Hz 124v 420 Hz

Response Reset Response Reset
Time Time Time Time

1.31 seconds 0.80 second 1.256 seconds 1.41 seconds
1.50 seconds 1.04 seconds 1.117 seconds 0.90 second
1.23 seconds 1.57 seconds 1.111 seconds 1.0 ;second

System B, comprising C.W.U. Type 53813-202,Serial No. 100; C.C.U.
Type 53813-204. Serial No. 100 and Detector Unit Type 53521-012
with Serial number fitted with fly leads, was subjected to the flame
sensitivity test as previously described with the following results:

System B

System Supply 16.Ov D.C. 29.Ov D.C.
Voltages 102v 380 Hz 124v 420 Hz

Response Reset Response Reset
Time Time Time Time

0.764 second 0.579 second 0.986 second 0.715 second
0.836 second 0,821 second 0.910 second 0.654 second
0.856 second 0.776 second 0.876 second 0.751 second

4.3.2.20 Exposure to Flame (ATS 52 Para. 4.5.3)

System A, comprising C.W.U. Type 53813-202, Serial No. 100; C.C.U.
TYpe 53813-203, Serial No. 100; Detector Unit Type 53522-011, Serial
No. XP7; Detector Unit Type 53522-011 without Serial number and filled
with fly leads, was subjected to the "Exposure to Flame Test" as
follows:



The detector without serial number and 6" of wiring was immersed

in a 6" x 1l00oC Flame.

Detector Serial No. XP7 was pcsitioned so as to detect the flame but
was not immersed in it.

The 6" x ll00C Flame was supplied from a burner as detailed in

Figure No. 2 of TSO-C79.

The detector was immersed in the flame for a period of 5 minutes.

The system indicated a "Fire" when exposed to the flame and continued

to indicate for the entire 5 minutes exposure.

After the 5 minute exposure the flame was extinguished and the system
indicated "Fire Out".

The nature of the test did not permit system response times to be
recorded.

System B, comprising C.W.U. Type 53813-202, Serial No. 100; C.C.U.
Type 53813-204, Serial No. 100; Detector Type 53521-012, Serial No.

XP3; Detector Type 53521-012, without serial number and fitted with
fly leads, was subjected to the "Exposure to Flame" test as previously

described.

The system indicated a "Fire" when exposed to the flame and continued
to indicate for the entire 5 minute exposure.

After the 5 minute exposure the flame was extinguished and the system
indicated "Fire Out".

It should be noted that during these tests a 270 kilohm resistor was
incorporated into the emitter lines of the detectors which were
immersed in the flame.
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SUMMARY

The microprocessor systems fire and fault routines must allow for
adjacency and for the possibility of installations with less than
8 pairs of heads. Earlier proposcls for the scope of the system
were not regarded as satisfactory by General Dynamics.

This report investigates the adjacency concept and describes a
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designed to meet the current and anticipated future requirements
of General Dynamics and to supersede the proposals of the
interim report (D.840, 26th June 1978).
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1. ADJACENCY CONCEPT

The system contains two microprocesr, A and 8, each

associated with one side of each pair of (up to ) 8 U.V. heads
(numbered 1, 2 ..... ). If there is no adjacency, any head
may "see" a fire ( a definition of "see" In this sense will be
given later) and a fire condition for pair I is:-

A) seesa fire and BI sees a fir

or, briefly, A] and 81

This fire condition is reset when both AI and BI cease to declare
a fire

These rules are modified by adjacency. Let us declare the pairs
I and 2 to be adjacent. Then the fire condition for this adjacency
set becomes:-

((AI,A2), taken together see a fire) and ( (B1, 82), taken
together see a fire).

and the reset condition is that all four heads cease to declare
a fire.

Having given an explanation of adjacency we now state some
axioms.

a) Adjacency is the same for the A and B sides of the system.
If pairs 1, 2 and 6 (say) form an adjacency set we writer,

b) Adjacency is commut2tive.

c) Adjacency of adjacency sets is equivalent to adjacency of
their members.

Thus adjacency is associative

c c j
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We equate the adjacency set consisting of one head pair to
that pair.

d) Adjacency is not trmnsitive, in the wse that

We can therefore write the left hand side as (1 3), and

It is desirable not to have transitivity as this enable; greater
design flexibility.

N.B. (j should be read as "1, 2 and 3 form an adjacency
set", not "1, 2 and 3 are adjacent". Therefore

as 1 and 2 do not form an adjacency set without 3,
although I and 2 are adjacent. In this way we distinguish
the descriptive property of "being adjacent" from the
definitive logical property of forming an adjacency set.

I

I0I
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2. DESIGN PHILOSOPHY

All the information determining the adjacencies and the number
of heads for a particular aircraft system has to be hard-wired
as 6 bIts of a byte (whose other 3 bits are used for bit-serial
data transfer and master/slave processor initialization). We
then have a twin requirement that the method for encoding
this information enables the widest possible range of conflgusotions
with the least amount of processing.

The design philosophy followed is to:-

a) COPe with absent heads by making "hm adjacent to
existent heads in an aircraft configuration, and using
all 6 bits to contain adjacency information.

b) Reconfgure thee 6 bits into a small number of adjacency
bytes which are combined with head information using
logic and shift operations (avoiding branches and table
look-up when possible) to give fire, reset and fault conditions.

c) Remember that when the system is used to protect a single
area it Is preferable on reliability grounds never to have an
adjacency set consisting of a single head pair. We could
then insist a pri that every adjacency set consists of at
least 2 pairs, In fact

1 ®© (ZD0
(which will be termed "option FAIR") and that If one pair
(say 4) is to be lone this can be achieved by omitting its
adjacency partner (so 8 would not exist)

On the other hand we may require the system to protect
two similar areas in which case we could insist that the
djacencles for 1, 2, 3 and 4 are repeated for 5, 6, 7

and 8 , but that none of the first four is adjacent to any
of the second four. (This will be termed"Option SPLIT")

Of course, although these options were originally designed for
single area and two 6imilar area systems respectively, they are
of considerable use outf!de these applications. For the range
of adiacencies possible see the sections below.

One of the 6 available bits will be used to choose between

options PAIR and SPLIT. 10-
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2 (contd)

N.B. I) Of course, fully to use the flexibility and power of
this adjacency philosophy it Is necessary to adopt
intelligent numbering methods. Thus

may not be possible, but re-numbering 8 as 5 we
can achieve

;I) There Is still the possibility of hard-wi ring a single
physical head pair into more than one location ( to
create a lghostel)

Thus: CII)
can be achieved by wiring 5 Into both 5 and 4, and
using D ZI
Hardware requirenienti prevent a head being wired to
more than two lines.

111) As will be seen, the above philosophy eiables
relatively straightforward decoding/processing and
considerable flexibility. We should note thai the
adjacency coding Itself has a degree of redundancy
(for example 4 Independent pairs of head pairs may be
configured as either of

Option PAIR a 105 3 7:
Option SPL IT Ci) C)C-) C~))
that Its versatility Increases dramatically when one or
more heads are absent (as the numbering of the missing
heads provides extra degrees of freedom) and that the
choice of an appropriate numbering and configtoration
for a particular aircraft is a skilled operation.
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3. HEAD INFORMATION

(For easy reference this and later sections orei summarised
schematically at the end of this reort).

Each U.V. tube is capable when energised of responding to
incoming radiation by firing. A head firing causes the head to
be de-energised for a (nomninal) 2 ms recovery period and also
makes available to the data bus a stretched pulse of (about) 1 mns.
While In Its gathering phase the microprocessr inspects the data
bus 200 times at intervals of 832 ps. Each stretched pulse will
therefore be seen either once or twice. A second Inspection of
the same pulse Is ignored; three successive sightings ( I's on the

date bus) must correspond to two pulses.

Therefore the sequence:-

Is processed %by setting to 0 the second I of a sequential pair) to

11,0, 0,1, 0,1, 0

Thestetcedpulses In one gathering phase may be counted.
If cont f 4or more pulses per gathering phase is achieved
by ny oodInan adjacency set, and this requirement is

satsfed orthree successive gathering phases, this adjacency
sotIs oldtosee a fire. (For a fire condition to be Issued It
is nece ha t ait least one adjacency set see a fire un each

of he A adBsides according to all processors working). An
Ifacornatv definition of "seeing a fire" Is Vivian In an appendix.

if contof lam thon 2 pulses In a single gathering phase Is
achieved a hoad It oaid to clear. (For a reset to be Issued It is
necessary that all heads on -o of the A and 0 sides In all
Previously fire-conditlon adjacency sets clear).

We wish to process the Information for the eight heads (1I to 8)
In parallel, and associate these heads with the eight bits (7 to 0)
of a byte, this:-

-r
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3 (contd)

HEADS 1 2 3 4 5 6 7 8

,7 0
BITS iii ii

The 832 tm inspection byte is processed as follows:-

Inspection and (not. lost true inspection) - true inspection

(alternative equivalent Boolean expresions exist).

Pulse counting is conducted using "Ones", "Twos" and "Fours"
registers, (which -nut of course be zefbed at the start of each
processing phase) and performing arithmetic in parallel thus:-

True Inspection and Ones "* Carry - twos

True Inspection Xor Ones . Ones

Carry-twos and Twos ..- Carry - fours

Carry-twos Xor Twos Twos

Carry-fours or Fours - Fours

Thus at the end of a gathering period, the Fours register has a
1 in each poui.'ion where a head has fired at least four tmes.
We now enter a processing period.

This side also has an F ragister, which as we shall see has a 1
in each position corresponding to a head in an adjacency set,
which set is thought by its processor to se a fire. We generate
a new register, the W register:

Four or (Twos and F) - W

This register is to be made available to the other processorvio a
DMA operationin this form. Likewise a similar register, W,
from the other processor has been received from the other side.

I,
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Another register, the H register, contains a 1 in each position
corresponding to a head which passed the last test and Is therefore
assumned to be working We make this available to the other sidea
and have received their, H', register.

We now apply adiac..,, rules to these registers.
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4. ADJACENCY INFORPMTION

I propose the following configuration of the byte containing the

adjacency information ("configuration" byte).

Bit 0 = for bit-serial data transfer, not hard-wired.

1 = master/slave initialization bit.

2 = fourth level adjacency bit.

3 = third level adjacency bit

4,5,6 = second level adjacency bits

7 = first level (OPTION PAIR:- 1, SPLIT= 0)

Dat 'BusBit 7 6 5 4 3 2 1 0
Configuration byte 1 2 3

At each level of adjacency we consolidote relevant data In the
W, W', H and H' registers and fill the cleared spaces with O's
(W,W') or I's (H, H'). The processing is the same for the W and W'
registers, and for the H and H' registers.

7

Imem~~~~eun: E '1~Nu ll1I~l l 1I0~l!B ll N I ilm lm m lr r " J•l I lP I i --
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5. FIRST LEVEL ADJACENCY

If OPTION PAIR (bit 7 of configuration byte = 1)

4 spaces
(Wor -GW ) and 111100002 -- W

4 spaces
(Hor 4 -H ) or 000011112 -- H

where the superscript arrow indicates a shift in the direction shown
(not ring shift).

We con now treat th, two options together, with the adjacencies
for 1, 2, 3 and 4 repeated for 5, 6, 7 and 8.

H
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6. SECOND LEVEL ADJACENCY

Reconflgure second level adjacency information

Configuration and 01110000 - Adj 2

Adj 2 or Adj2
Adi 2

The upper and lower half-bytes of Ad i 2 are identical and
we describe only the processing associated with the former.

A one in a position of Ad i 2 states that the corresponding
heed is adjacent to the hood corresponding to the position on
the left, this

0 o/ 0/1 0/1

lndicatel( J Ta
indicates(e- Re

The processing is:

W or (W and Adj2 )and not (Adi 2 and (not ti2)) - W

H or (H and Adi 2 ) or (Adi 2 and (not Adi 2)) - H

H now has all ones except In the first position of on adjacency
set (as so far specified) none of whose heads (on it side) are
working. W now has ones in the first position of an adjacency
set any of whose heds ( on its side) have fired sufficiently often
in the lost gathering phase, and in no other position.

log

L 0_ _

L.. 
. . . . .
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7. THIRD LEVEL ADJACENCY

Third level adjacency may be ued to declare the adjacency
of lower level adjacency sets.

Take:

Adi 3 = 10001000 if third level adjacency bit = I

Adj3 = 00000000 ",

(i.e. no third level adjacency).

The processing is:

W or ( W and Adi 3 )and not Adj 3 ---R W

H or (H and Adi 37) or Adi 3 -- H

Thus if we have the second level adjocencies

then third level adjacency can give

the relevant data being held in the head 2 (bit 6) position.

Note that third level adjacency should not be used unless the
indicated second level adjacencies are declared. Failure to
observe this may lead to a logical Inconsistency and is forbidden.

II

I
I''
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8. FOURTH LEVEL ADJACENCY

Fourth level adjacency may be used to declare the adjacency
of lower level adjacency sets.

Take:

Adj 4 00100010 if fourth level adjacency bit = I

Adi 4 00000000 H $I " s o = 0

The processing is:-

W or (W and Ad i 4 ) and not Adi 4 - W

H or (H and Adj 4 ) or Ad i 4 -- H

Declaration of fourth level adjacency converts

Fourth level adjacency should not be used unless the Indicated
lower-order adjacencies are declared. Failure to observe thii
may leoad to a logical inconsistency and is forbidden.
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9. ADJACENCY TABLES

We list the permitted configwotion bytes and generated
adjacency sets.

Configuration byte Adjacency sets
SPI it 1stl 2nd 13rd 14th I_ _ _ _ _ _ __ _ _ _ _ _

0 000 0 0 XX 1 2 3 4 5 6 7 8

0 001 0 0 xx 1 2 (Q) 5 6 (f3)

00100 0 xx IE 4 5 --)8

0 011 0 0 XX I (2E 5

0 oo 0 0 xX ( 3 46III7 8
0 101 0 0 xx C )( i
0 110 0 0 XX 1 -4 (EZ7Ir 8

0 111 0 0 xx

0 110 1 0 XX 4 8

0 111 1 0 xx I T2-rJ ( 7
0 111 1 1 ~x

Confguraton byte Adjacency sets
Poi r 1st 2ridgrd 14th I I

1 000 0 0 xx c_.:1 _.C.= (E_.

1 01 0 0 xx ( (E3 "3 S
1 011 0 0 XX CD)3-'6 CI " 7: 4 8

1 100 0 0 xx 5 W20 -7 4

1 110 1 0 XX 1 3
I M1 0 0 xx 1 5 12--6) 7 48
1 110 1 0 xx (f '2- 3 Oj

112-
1 111 I I xx 1 5 2 6 3 7 4 -
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9 (contd)

Note that none of the above adjacencles is equivalent to

E3 3 4 5 6 7 8

or

which were no-ntioned in the interim report (D.840, 26th.June 1978)

Also note that we have used six cnfiguration bits but only achieved
22 configurations, some of which are equivalent.

It is clear From the table that this adjacency system enables tA fully
to satisfy the current requirements of General Dynamics while
providing a wide class of alternative adjacency orrongements should
their requirements change.

The adjacency system has the further advantges of logical

straighforwordness and of repetitive structure designed to enable
efficient and economical progromming.

The effect of the adjacency processing on W and H bytes is shown
in a table in an appendix to this report.

-i
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10. FIRE/:AULT CONDITIONS

The H, H', W and W' bytes have now been fully processed according
to the adjacency rules. The W register has I's In positions where
heads of the relevant adjacency sets hav, fired the relevant number
of times (and in no other positions). The H register is all l's except
in certain positions where all heads in the relevant adjacency set
(on this side) are not working.
Therefore: -

HorH = 11111111 FFIo

unless all heads on both sides in at least one adjacency set are not
working, in which case we issue a fault condition.

Under the current hardware arrangements a fault conditions overrides
a fire condition, and latches. This arrangement may not be optional
for future systemsinstollations, and there are advantage, in writing
the software in such a way as to enable alternatives to be implemented
in hardware. The fault processing is:-

I) If all the heads in an adjacency set on both sides of the system
are not working a fault is issued and this set takes no furthor
port in deciding whether there is a fire. (It is assumed that heads
fail passive).

i ) If all the heads in an adjacency set on one side of the system are
not working (or are unavailable because that side is switched
off or not present) then only the remaining side is considered.

Thus the complete failure of an adjacency set issues a fault but

does not inhibit the processor from issuing a fire condition from
other adjacency sets, though current hardware arrangements prevent i
the fire condition being sent to the CWU.

We combine the W and H registers by:-

W or (not H) -- p W

W' or((not H') and H) --pW'

noting that " is is the first t. ,at the processing for the two sides
has differea.

I 14
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10 (contd.)

We also have available the W registers for the previous three periods
(now named the X, Y and Z registers) and also the similar X' and
Y' (though not the Z') registers. The fire condition is to be issued
by our microprocessor when it decides an adjacency set has seen a
fire, on both sides, over the lost three periods. As the data gathering
periods for the two sides are interleaved there are of course two ways
of choosing the three periods concerned, depending on which sides
gathering phase starts the sequence.

We generate an F (for fire) register.

(Wor Z) and XondY - F

If (F and W' and X' and Y')# 0

we issue a fire condition for confirmation by the other processor, if
working. Note that if this condition does nc hold and a fire
condition was already signalled, we do not rescind it; the reset
process is defined below.

To derive the reset condition we use another register, the FL
register, defined during the previous processing phase:

(F) and (W or W' or X or X') -- + FL

if the new FL z 0 we issue a reset.

The inclusion of X or X terms allows the fire condition to be
maintained if one gate period is not filled, however 2 consecutive
empty gates will result in a reset condition.

Note that we have assumed both processors to be working in the
above. If one is switched off or absent, the reset conditik- is
altered in ato obvious way.
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11. ADJACENCY SET FIRE DECLARATION

FL contains a I for each adjacency set now declaring an unreset
fire state according to this processor side. We now have to reverse
the adjacency procesuing and generate an F register to participate
In the count of 2 or 4 decisions described above.

Fourth level FL or (F and Adij 4) - F

Third level 0 F or andAd3) - F

Second level a F or (and Adj 2) - F

First level If OPTION PAIR, F or 4 W -C4 F

Finally F has a I for each head in an adjacency set seeing a fire.
(As a result, if a head Is In two adjacency ats, its firing count
requirement of 2 or 4 will be determined by either of the adjacency
sets seeing a fire. This crosstalk only occur whon at least oe
side sees a fire, and is marginally beneficial.)

/

I 3

f'(I
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APPENDIX 1

ALTERNATIVE DEFINITION OF "SEEING" A FIRE

The decision to perform the adjacency processing on the W and W' bytes
Implies and is Implied by the definition of "seeing" a fire. We have
defined this by adjacency set, requiring that for three successive gathering
phases some head (not neceioarily the some one) fires 4 or more times (on
each of the A and B sides, according to all processors working.) An
alternative and equally valid definition is to require the same heod to fire
4 or more times for three successive gathering phases on side A, (and
some hed to do the some on side B, though by the adjacency these two
heads need not belong to the some head pair.) Making this definition
has implications for the probabilistic calculations of system rellabilities
under different conditions, and for the methods of In-flight lagging of
fire and fault conditions. The change to the software Is Ininimal however,
it being necessary merely to perform the adjacency processing not on the
W and W' bytes but on F and F', where these are derived from the unpro
W, X, Y, Z, W', X1, Y bytes as

(WorZ)and X and Y F

W and X and Y -- ' F'

C
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FL LOC COSMAC CODE LNNO SOURCE LINE
000 i ..TEMPORARY S.TTING OF SYMBOLIC NAMES
0000 2 -- DECIMAL VALUES FOR RESET VALUES
0000 3 ..OR ERROR CODE NOS
00e0 4 ..HEX VALUES ABSOLUTE ADDRESSES
0000 5 .APOVE #OC
0000 6 ••UNPACK
0000 7 NYVAL2euDP

ee 8 NYVAL3mNYVAL2+4 &*TO 4TH DMA LOCN
0000 9 NYVALA=47
0000 I .. DECIMAL VALUE USED TO RESET
0000 It *•16 SEC (INTERRUPT) COUNTER
000e 12 NYERRIu4 ..THIS SIDE
ee 13 ..BEING INHIBITED
eee 14 NYERR2uS6 .,ADJACENCY BYTES
000e Is -.CHECK ERROR
0000 16 NYCON~uRr
000 17 NYDEPKURF
0eee to NYSCRsRA
ee 19 NYSTAIuRB

@Roe 20 NYCTRsRE
0000 21 NYMAINuR7 ..MAIN PROGRAM COUNTER
0le 22 •.RENEW
e000 23 NYVALSw#CA ... NOT.Ht*AND..NOT.H
8000 24 NYVAL6uUCD ..X*
0000 2s NYVAL78NYVAL6#. .,Y'
0000 26 NYVALSOC7 .*OLD H
0000 27 NYVAL94D•S ..NOT.H PROCESSED
0006 28 NYVALA,,03 .. F

0000 29 NYH-R r

0000 30 NYSUBvR9 ..SUBROUTINES' COUNTER
0000 31 NYADJwRE
0000 32 otsr.T
0600 33 NYVALB-OCA ..OLD W

0000 34 NYVALCS0CF **W

0000 3S NYVALOuUCC .,*
0000 36 NYVALFr0D4 *HANDo*NOT.H
000 37 NYVALGufC2 *#OLD P.AND.,

0000 35 NYVALJ-#DB *.ADJI
0000 39 NYW"RF ..NYW, NYHNYDEPKNYCONF
0800 40 ..ARE SAME REGR
0000 41 ••ADJSI.T

0ees 42 NYVALI,0B9 ..TOP SCRATCH LOCN
0000 43 .,LOCNS #9C9SDDOCB9 ARE SCRATCH
0000 P 44 *.USED TO MATCH WITH INTERRUPT ROUTINE
ee 4S NYVAL80OC ..UPPER BYTE OF ALL
0000 46 .RAM LOCNS
0000 47 NYVALO9D7 *LOCN OF CONPIG
so 46 NYVALK"025 ,eeOCS LOCN OF INTERNAL

0000 49 --FLAGS INFO



Data ;;heet: DX.53O6
;hopt: 16
Ii:iut: A

AS 12/67/79

0600 so NYVALN802A .e6flC2A IS ROM CHECK TIMER.
0000 51 .ODC29 IS 16 SECCIR) TIMER
0009 S2 NYVALP=64 *.OECIMAL ROM CHECK RESET VAN
@G06 V93 NYVALQu*2 .-*ONES COUNT
@see SA NYVALRuE#6 --FOURS COUNT
s6es 55 NYVALSff26 ..MAIN TIMER (I 0f 2 BYTES)
@s0e S6 NYVALT8020 ..W/H DATA (TO DNA)
0000 57 NYVALUse23 ..O/P BYTE
0000 is NYVALWEUBS **LATCHED ERR OR INFO
0099 5 NYVALXwNYVAL9-I ...NOT.H* PROCESSED
0006 66 NYVALY=VBC ..#OF FIRES LOCN
0600 61 NYVALZ=NYVALG-3
0000 62 HVALA*OCA..W COUNT HI
0000 63 HVALB=OSA. .COIJNT STACX LEVEL 4
0000 AA HVALflu65..L7VEL S STORE
0000 Iss HVALEuDSS..CO'JNT STACK LEVEL S
00005 66 HVAL~mOSS
0000 S7 HVALGuHVALD-16..ENDOr0 STORES
02A5 As ORO 028S
0205 * 69 .**********.*******

0205 710 .. Oi*..e**.**.******
0205 71 ..UNdPACK ROUTINE* PART 07 FIRE ROUTINE
0205 r82sAe 72 NYVALK-,NYSTA1.0 )
0208 73 s.POINTS TO INTERNAL FLAGS
0208 98rAIS 74 *NYSTAI*AND*B'@60100666
0268 75 **OTHER PROCESSOR STATUS
F0208 3AG0 76 If 9*0 00 TO NYOFFI
020D 77 ..SI4ORT BRANCH TO V*Xl.NOT.H'

020D 78 **SETTING ROUTINE
0260 867B77 79 R@*6 .XOR. OFF **ZERO r7 CORRECT 0 00

F 0210 3200 8o 17&0 00 TO PSI
0212 81 ****IF NO DATA RECD..2CASES
0212 Im ... r7u1.WE ARE INHIBITED

0212 83 ... EF=OWF MUST INHOT OTHER PRCCSSR
F 0212 3C00 SA IF NK7I 00 10 NYOFPI

0214 55 ...HFRE WE ARE INHBTD
0214 86 ... ATAL FAULT FOR THIS SIDE4
021A 87 ...IjRANCH TO LATCFL
0214 66 ... WITH ERROR CODE IN D REG

7 0214 7828cesses 69 NYERRIOLPR LACHPL
0919 FO80FA0 90 PSISNYVAL2-2'R9.0
021C 91 ... RESETS DMA PTR.
021C F8DFlAF 9g N YVAL2- vNYD7.PX -0
021F 93 .**POINTS AT LO BIT 07 DNA DATA
0217 F7 94 SEX NYDrPH
0220 72730PASA 95 *I.eOR.*0AND.96A
0224 96 ... RESULT *0 17 2 PORTS
0224 97 e...CHECK BIT OK S DNA CRECT

r 0224 3A09 to I7*90O TO P52
7 APPA 7829Cesse6 99 029)LBR LACH7L
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022F 2r leBS PS21DFC NYDEPK
FF 022C 72 76330072 763300 101 *Y/20580F NYOF1I@1I/291SOD NYOFFI
FF 0234 7P76380@727A3B@@ 10e *t/2019NF NYOFFIISI/20JBNF NYOFFI

023C 103 *--CHECKS FOR 0011 ON LOW
023C tO' eo.4 DMA REGS(LO BITS)
023C FSDFAF 105 NYVAL2-*NYDEPK.0
023F F8B9AA_ 106 NYVALI- PNYSCR.0

0242 72FAFASA 107 0M.AND&8*1Il1I010*-3-NYSCR
02A FO FA FA 108 0.AND.811111010 %.CLR OFF X 81IT DATA
02A9 FAF3 109 SEX NYSCRJ.XOR.0
024B Ito ...RESULT 0 IF LuR CONFIG

F 0248 3200 111 IF u0 GO TO PS3
F 02Anr) F3ecoosee 112 #301LBR LACMFL

0252 0AFAF8FB88 113 PS3t@NYSCR.AND.uF8.XOR.B3iS~i060
oe57 11d **&CHECK F .jR ATM ORDER ADJ CASE
025s7 )is -*-ZERO IF SAME

F 0257 3AO0 116 IF3-0 GO TO PSA
0259 F8FC5A 117 80111t11000.'ONYSCR
025C F8n7AF 118 PS4SNYVAL0-vNYDF.PKo8
025F OAAFCSF 119 9NYSCR.AND#FPC--9NYDEPK
026'3 120 ... CONFIG TO LOCN
02f-3 F80FAF 121 NYVAL2-ipNYDFUPK.0
02AA 122 --NOW UNPACK IST STATUS BYTE

02A6 123 ..O*N.8 NYOEPK*0 HAS MAX VAL OF FF
026A F808AF 125 00S.'NYCTR.0
02A9 1F4P7A 126 NYDKLIIINC NYDEPKIONYOCPKI/20
024C 127 -&LOADS PIT INTO DF
02AC F07$~AAP 128 0/21-2-NYSCRSDEC NYCTR

07)129 *,TRANSFERS BIT I 'TO SCRATCH BYTE.
0270 OF 130 NYCTR.0
OP71 3AA9 I I IF 1-0 0O TO NYDKLI
0273 132 ..NB**UNPACKED STATUS LEFT
0273 133 --IN SCRATCH LOCN
OP73 134
0273 135 ..NOW UNPACK HIW* DATA IN SAME WAY
QOP73 2A 136 DEC NYSCR --POINTS TO 2ND SCRATCH LOCN
0274 F808AF 137 #05-sNYCTR.0
0277 IF4F76 138 NYD$(L2SINC NYnFPxi@NYDEFKt/2'
027A *0 76 SA2E 139 0/21-PONYSCR;DEC NYCTR
027E 89 140 NYCTR.0
027F 3A77 141 IF u.00G TO NYDKL2
0281 142 .4... NYDEPX.0 HAS MAX VALUE OF 9FF
0281 143 se
0281 IAA 00
0281 145 **THIS COMPLETES UNPACK ROUTINE
0281 146 **WILL CONTINUE IN FIRE ROUTINE
0281 147 **NIP STATUS*W'/H* INFO LEFT
109 021 146 **IN SCRATCH
0251 149 .***.******..**.**eO

1 ,7



Data heft: -. * U
aiteet: 18
IsaUel A

A 12/87/79

0281 IS O .********..**.*..***********.*..

0281 152 *..S*s....*..*..****.**.*... *
0281 153 *.RENEW ROUTINEmPART OF FIRE ROUTINE
0281 154 -. FOLLOWS UNPACK ROUTINE
0291 155 .AUTHOR THIS SECTION*-NIGEL YOUNG
0281 F82AAB 156 NYVALN-*NYSTAI.0
0284 157 .. POINTS AT ROM CHECK TIMER
8284 IA ! 158 INC NYSCR -*TO POINT AT DMA'D OVER
0285 159 .. STATUS BYTE
0285 OArA8 160 tNYSCRAND.'8*0001000*
0288 161 set IF ROM CHECK COMPLETED
0288 CEFAO 162 LSZ JNYVALP
0288 163 ..VALUE MUST NOT BE 0
8288 CESBSB 164 LSZ3-f.NYSTA1J-2,eNYSTAl
028E 165 .. 2ND INSTRUCTION IS DUMMY PILLER
028F OAFAO4 166 9NYSCR.ANf).B'eO000! 0
0291 167 ..0 FOR W's I FOR H'
0291 2A 168 DEC NYSCR .. TO POINT AT W'1H BYTE

F" 0292 328 169 IF m9 GO TO NYOFF4
029A 1780 .***.***e..**e.~~.ee
029A 171 .. *
0294 172
0294 173 ,*H e PROCESSING
0294 28 174 DEC NYSTAI
8295 175 **POINTS AT 16 SEC (INTERRUPT) TIMER
0295 F82psB 176 NYVALA-'ONYSTAI ..RESETS
0298 F'fl6AF 177 NYVALX-*NYH.0 ..POINTS
0298 178 .. AT .NOT.H* LOCATION

0 029P EA 179 SEX NYSCR
F 029C I80OA9 180 A.S(ADJPR)-*NYSUB.0
Pr 029F F80OP9 181 A•I(ADJPR)- 'NYSUB.I

02A2 7)9 182 SEP NYSUB ..CALLS ADJPRDRESULT LEFT IN
02A3 183 .. D REGR# NYADJ POINTS TO .NOT.DONTWO
82A3 EE 184 SEX NYADJ
02AA PRPr2EF_73 185 .XOR.#lrr*ANDef-v,#-'NYH

02A9 186 ..NYH NOW X REGR
02A9 187 • POINTS AT ,NOT.H

"FP OA9 Ft80A9 188 .0(HEADS)btNYS'JU.@
F 02AC 7808e9 189 i(HEADS)-*NYSUB.1

02At n9 1ot NYSUB ..CALLS SUBROUTINE HEADS
0280 191 4EAD FAULT ISSUING SUBROUTINE

F 0280 COOOOO 192 LSR NYOFFS
02S3 193 **********-*.**********************
0283 194
0 B3 195 • .
0283 196 NYOrF4t .W' STORAGE
82R3 v8rRAF 197 NYVAL6-*NYH.0
02BA FF 198 SEX NYM
0287 72732F 199 *t- @-iDIC NY .. X*-*Yl



L~a'n;het D.53e: 1

I imu*: A

AS 12,007/ 79

028A 7273 2000 1 - 11-w P
02PC OASF 201 *NYSCR-*ONYH -,STORE W'
@28F cooese 202 LBR NYOFFS
02C1 203 .*S**.*...*.********

o2C1 20A1 "
02CI 205 0
02C1 2.6 NYO7FI:
02C1 207 **DEFAULT PROCESSING SETS W.XaY9=#oo
AMC 208 *s*NOT*H'w#FFvRAISES INHIPIT LINE. SO
02C1 209 -.NO MORE DMA DATA SFNT
iqC1 210 ..SET OTHER PROCESSOR TO DEAD
02c1 211 --ON INTERNAL FLAGS. RAISE

* 02C1 212 --INHIBIT BIT ON TRU AND 0/P
02C1 213 ..RAM LOCATIONd
02C1 FR2';AR 21A NYVALK-3-NYSTAI-0 **INTERNAL FLAGS
02C4 OBF91858 215 ONYSTAI-OR.B*000166S00-*ONYSTAI
02CS 2S 216 DEC NYSTAI *.TRLJ STATUS
02C9 OBF9085B 217 fNYSTAl*ORe860@001@@@0-*@NYSTAl
02CD 2B 218 DEC NYSTAI ..O/P BYTE
02CF O9F90858 0 219 *NYSTAI.OR.B*000010S00-*ONYSTAI
0202 E7 290 SEX NYMAIN
0203 F80FA0 221 NYVAL2-*R6.@
02D6 AF 222 PLO NYN
02n7 62SOC4C4 223 OUT 200000NOPNOP
02DB 62SOC4C4 22.4 OUT 2#80@3NOPsNOP
02EP 225, ...O/P TO GET A/C CONrIG
020F 226 ... NOP S FOR DF-LAYS
02or F 227 SEX NYN
0290 72P3FA04 228 *XOR.O.AND*004
02F4 229 --RESULT NON ZERO IF
02r.4 230 ..PORi CHECK BITS Ok

F 02E4 3A90 231 IFv0 0O TO PS5
F 02E6 FSF9C00000 232 #F9)LBR LACH7L

02ES 2F 233 PSS: DEC NYM
OPEC V8P9AA 234 NYVAL I - NYSCR. 0
02EF 72FAFASA 235 01.AND*.911111616-.ONYSCR
02V3 FOFAFA 236 *.AND-B811111e00..CLEARS OFF

*02F6 237 ...XBITPDATA
*02FA EAF3 238 SEX NYSCRI.XOR-f

02F8 239 .-RESULT NON ZERO IF LmR CONFIG
F* 02P8 3200 1 2.0 1Irmo GO TO PS6
F 02rA F830COOOSS 241 03@jLBR LACHFrL

02FF 0AFAF8F888 242 PS6:SNYSCR.AND.DFS.XOR.B'10001060)
0380A 243 -*CH4ECK( FOR 4THOROER AOJ CASE
0304 2A4 ..ZEROGIF SAMF

F 030A 3AGO 2.45 l17.8 00 T0 PS7
0306 F85FCSA 246 8!B1 000I*-*#NYSCR

V0309 F807AF 247 PS7tNYVALO-*NYH.8
4.030C 0AFAFC%7 2.45 $NYSCR&AND.UFC-b-#NYHo&C0NF TO LOCN

0310 F8CEAFEF 249 NYVAL7-*NYII6J SEX NYH



Data Aihut: DC. 530b
Amet: 20
Immuo: A

Ag ;12/07/79

0314 F800737373 2 0
0319 IrB6AF 251 NYVALX-oNYH.0 o.,N@ToH' PROCESSED
03 C r81F73 2;2 Oro-@- ..NOW POINTS AT .NOT.H

F 031F F800A9 253 A.0(HEADS)-.NYSU8.0
F 0322 F80089 254 A.I(HEADS)-3NYSUB.1

032S 09 255 SEP NYSUB .CALLS SUBROUTINE HEADS

0326 2S6 .. HEAD FAULT ISSUING SUBROUTINE
0326 257
032.6 258 *.,0

0394 259 ..COMPLETES H',W' PROCESSING/STORING
0326 260 ..

0326; 261
032A 262 NYOF7S: ..H PROCESSING OR W STORING
032A F825AB 263 NYVALK-oNYSTAI0 .*INTERNAL FLAGS

0329 RSFA0AA7 264 *NYSTAI.ANDBO0000100'->N 'H .
032D 265 -*EXTRACT 0 FOR w, I FOR H
032D 2A6 .. TFMPORARILY PUSH INTO 'lei'
032n 0EFAFBSB 267 *NYSTAI.AND.'11 I1016!'->ONYSTAI

0331 268 ..RESET

0331 269 v,,!IIIMUST RECHECK RESET USING
0331 278 **LACH L ROUTINE
0331 F840AS 271 NYVALR-XNYSTAI.O ,,FOURS COUNT

0334 8F 272 NYH,0 ..W OR H ?
F 0335 C20000 273 LBZ NYOFF7 *.LONG BRANCH IF 0

0338 274 *
0338 27S

0338 276 000

0338 277 ..H PROCESSING

031S 278 .FLAG ALREADY RESET
0338 F8C7Ar 279 NY%AL8-*NYH.0 ..POINTS TO OLD H

0338 7f 280 SEX NYM

033C OBpF77 281 ONYSTAI.XOR.FF ..NEW .NOT.H

033F F2 282 .AND.@ e..NEW.NOT.H.ANDOLD H

F 0340 3200 283 IFz0 GO TO NYOrF8
0342 BF273 284 ONYSTAI.ANO.@-#@-

03aS F826AA 285 NYVALS-*NYSCR.6 .*TO BYTE OF MAIN TIMER

0348 4A73OA73 286 ONYSCR-s9-j@NYSCR-*# °

034C 287 -. RENEWS H TIME
034C 288 .. tfffIllt!!!

034r. 289 NYOF8s$ ..PUT INTO DMA LOCATION

034C F820AA 296 NYVALT-vNYSCR.0 -. STORE W/H FOR DMA

034F OBSA 291 *NYSTAI-DONYSCR ..FOURS COUNT

0351 F8gf5AF 292 NYVAL9-*NYH.
03SA 293 .. TO HOLD PROCESSED .NOT.H

# 0354 F889AA 294 NYVALI-,NYSCR.6 .. SCRATCH LOCN

017 OPIA 295 ONYSTAI-*ONYSCR .. UNPROCESSED H

0359 FA 296 SEX NYSCR
OF 035A F800A9 297 A• (ADJPR)-,NYSUB.0

r 03SD r80099 298 A.i(ADJPR)-*NYSUB.I

0360 D 299 SEP NYSUB *.CALLS ADJPR*RESULT LEFT

14C



Data -Shaet: DO.5,O6

Siheet: 21
J.3r~ue A

7-

AS 12/07/79

0361 300 .. IN D REGR, NYADJ POINTS TO
0361 301 *.. NOT.DONTWORRY BYTE
03A1 EE 302 SEX NYADJ
0362 FBFFF25F 303 •XOR.#FF.ANDf.-#NYH
0366 EF 304 SEX NYH ..POINTS AT .NOT.H

F 0367 FrOSA9 305 A,0(HEAOS)-'NYSUB•0
F 036A FBOO9 306 A.(HEADSI-*NYSUBI

03Arl n9 307 SFP NYSUB ..CALLS SUBROUTINE HEADS*
336r 38 ..HEAD FAULT ISSUING SUBROUTINE

F 03A6F r800A9 309 A.(ADJSET)'IINYSUB.0

F 0371 F80O9 310 A.I(ADJSET)*-NYSUB.

0374 09 311 SEP NYSUB .-CALLS ADJACENCY BYTES
0375 312 ..RESETTING PROGRAM; D REGR CONTAINS U
0375 313 *.VALUE& NYADJ POINTS AT OLD VALUE OF
0375 314 ,.SUM CHECK BYTE
0375 FE 315 SEX NYADJ
0376 F3 316 .AOR•t -. SHOULD BE ZERO

F 0377 3200 317 IF =0 GO TO NYOPF9

0379 318 ..OTHERWISE FATAL ERROR FOR
0379 319 *.THIS SIDE. BRANCH TO FAULT
0379 32e ,.LATCHING SECTION WITH ERROR
0379 321 ..CODE NO IN D REGR

F 0379 F832COOeee 322 NYERR2ILBR LACHFL
037E 323 •
037E 324
037E 325
037E 326 .,W STORAGE

037F 327 NYOrF7T .. NYSTAI POINTS AT FOURS COUNT
037F r8nIAF 328 NYVALA-PNYH,0 ..POINTS AT F
0381 F820AA 329 NYVALT-3NYSCR&0 -. STORE LOCN"

0384 330 *.FOR DNA ACROSS
0384 .PA. 331 SEX NYSTAIJIRX --POINTS AT TWOS
0386 gFr2 332 ONYH.AND.P(TWOS)
0388 20 333 DEC NYSTA!

03S9 FISA 334 OR.f(FOUR3)-f@NYSCR
039D 335 ,.STORTS FOR DNA

0388 2F2FEF 336 DEC NYHIDEC NYH)SEX NYH *-POINTS AT Y
038F 72712F 337 *t->@-3OEC NYH *.Y-Z

a 0391 72732F 338 *f-1-0-joir NYH .. X-lbY

0394 7273 339 of-le-

0396 OASF 340 *NYSCR-*9NYH
01398 341 *

0398 342 •.*
0398 343 •.*

01398 344 NYOFF91 ..REJOIN
0398 78 345 SEC .,SETTING 0 ALLOWS DMA OUT

0399 346 #.TO OTHER SIDE

0399 347 .,NB NYSCR NOT RESET HRE
0.199 348 ***

0399 349

iII

__-_ ____ ___



Data 3hmot: D0.5306
Sheet: 22
I s. ue" A

-8-

0399 350 .. THIS COMPLETES RENEW ROUTINE. NOW

0399 351 -.ENTER FSET, FINAL PART OF FIRE ROUTE
0399 352 *

0399 353 *
0399 354 * I
0399 3550399 356 .. SET ROUTINE* LAST PART OF FIRE ROUTE
0399 357 *.FOLLOWS RENEW ROUTINE
0399 358 ..AUTHOR THIS SECTION..NIGEL YOUNG
0399 FSC4AEEE 359 NYVALB-*NYADJ.GJSEX NYADJ
039D 360 *.POINTS TO LOCN OF LOGGED NONZERO W 5
0390 F82SAF 361 NYVALK-*NYW.0
03AO OFFASO 362 @NYW.AND.B'10OOOO00'

N 03A3 CAOOOO 363 LBNZ NYOFFA
03A6 364 o..... WPX,YZ&W".X"Y'L LOGGING
03A6 FSCFAF 365 NYVALC-a.NYW.0

* 03A9 OF 366 ONYW
F 03AA 3200 367 I V-8 GO TO HS

03AC r8CAAA 368 HVALA-DNYSCR.0
03AF EA 369 SEX NYSCR

F 0380 FOFBPFC2P0e0 370 #.XOR.DrFjLBZ HA
03B6 2A 371 DEC NYSCR
0387 72AEFOBE 372 *f-3bNYADJ.8te-pNYADJ.1 *.w COUNT-bREG
0308 FSOBAB 373 08-bNYSTAI.0
038F F765F 374 HSTiONYW/2'-s@NYW ..LSB TO OF
03CI C7 375 LSNP ,..it 0 DONT INC
03C2 IEOF 376 INC NYADJJeNYW.. COUNT I :F NOT 0
03C4 29 377 DEC NYSTAI
03C5 8S 378 NYSTAI.0
03C6 3ABE 379 Ir%,O GOOTO HST.. TOTAL OF 8 TIMES
03C8 0F76SF 380 *NYW/21-ONYW.. RESTORE W
03CB 9ESA 381 NYADJ.I-XNYSCR..REPLACE W COUNT HI
03CD 2A 382 DEC NYSCR..LEFT AT FIRST W COUNT
03CF OESA 383 NYADJ.0-@NYSCR..REPLACE W COUNT LO
03DO F80CE 304 HAsNYVAL-.NYADJ.1 .. *RESET U/BYTE TO S
03r)3 385 *.****.............
03D3 F55SAA 386 HBiHVALF- %NYSCR-8
0Wr)6 EA 387 SEX NYSCR
0307 P80073737313730 388
03nP FBFF73 389 OFF-*>-.. STACIHBSET

F 03FI FSOPAP 390 A.O(ADUP)-,NYSTAI.0
F 03E4 F80098 391 A.I(ADUP)-*NYSTAI•I .SET TO ADUP SUE

03E7 F8CCAE 392 NYVALD-*NYADJ, 0,W*OLOCN.
03FA fn 393 SEP NYSTAI..GO TO ADUP SUB.
03EB If 394 INC NYADJ.. X
03EC 08 395 SEP NYSTAI..GOSUB
03Erl jF 396 INC NYADJ..Y*
03EE 08 397 SEP NYSTAI
03EF IEIE 398 INC NYADJJINC NYADJe... X
83Ft DR 399 SEP NYSTAI

1'4



Data Sheot: DO.53O6
,ihoet: 23

9 Isnuv: A

AS 12/0'7/79

~2IE401? INC NYAD)J.. Y
0?F3 02401 S.EP Nft"TAJ

02% r F8CFAF aeg NYVALC-1.NYW.O..W LOCN.03F7 F86ClAr 40,1 NVALD+I-,NYADJ.O *.w.OR.Z(SRC)
0Z3FC OF 404 SNYw 0. W SRTH
03po IrIF1F 405 INC NYWING NYWiINC NYW 94..z0400 EF 406 SEX NYW
0401 VISE 407 .OR.O-SeNYADJ ...W.OR.Z0463 DP 408 SEP NYSTAI

F 0404 3000 409 GO TO ADEND0406 a10 *000.'..SLISFOUTINE ADL'P3006 07 All SEP NYMAIN0407 FISSAAA 412 A0UPtHVALS-2 NYSCReO0404 FA 413 SEX NYSCR
0408 OFF2 414 ONYADJ-ANO.* ... NEW 5 COUNT0400 AO 41S IRX so* S LOCN.040F F1732A 416 -OR-$-'me-)DEC NYSCR -.STORE s movER04l1 OFF2 4170 *NYADJ &AND. P ... NEW 4 COUNT0413 AO 4190 IRX
041.4 F173ZA 419 oOR.o-Io@-,DEC NYSCR
04? eEF-2 A20 ONYADJ-AND.0 ... NEW 3 COUNT0419 60 421 IRX
041A P1732A 422 *OR.--2O-jDIEC NYSCR041D 0eP2 423 ONYADJ.AND.0 ... NEW 2 COUNT041p 60 424 IRX0d20 F173 425 .OR 9 -s,- 0
0422 OEF173 426 9NYADJ.OR.@-2,#-
042S 40 427 IRX
0426 300A 428 GO TO ADUP-1
0428 429 **...9o...eoND OF ADUP0428 F826AC 430 ADENDNYVALS-2,NYADJ.O ...MAIN TIMER 20428 P80CBB 431 NYVAL-3NY STAR. I .I--RESET U/BYTE TOO042F POSSAA 432 HVALE-31NYSCR.0 Sao 5 COUNT0431 P865AP 433 FIVESZNVAL0-3eNYSTA1.0
0434 OA2A 434 HC:ONYSCRIDECNYSCR

V0436 3200 435 IFvO00G TO FOURS
0438 F873 436 --o#-'NYSTAI04A 4F730E730P 437 *NYADJI.-@.I#NYADJ-f@.jOEC NYADJF oA3F FOFSF32eO 439 *.XOR.IrFFrIFuO GO TO ND0444 FGF.CGISS 439 041-VONYSTAI
0448 SPFC03AS 440 HDsNY5TA1.0+33.bNYSTAlo,
044C SBF0A 441 FOURSINYSTAI .0-4->NYSTA1.e
0456 8BFFss 442 NYSTAI.e-NVALG0453 CE 443 LSZI
0454 3034 444 GO TO NC@45A AAS o .oo..ENI OP. LOGGING
04S6 AAA

@ 0456 447 o*
RASA FRCCAF 448 NYOFFAtNYVALD-jbNYW.O

049449 *POINTS TO We



Data Pihcet: DX.5306
..hevt: 24

At; 12/07/79

0459 £7 450 SEX NYW
04SA F8B9AA 44s1 NYVALI-)'NYSCR.0 o.SCRATCH LOCN
045D 72F1 452 *I.OR.@ .. W'.OR.X'
045F 6060 4S3 IRX3IRX
0461 F160 4S4 sOR.@CW)lIRX
0463 FI 455 .OR.OCX)
e464 606e 456 IRXjIRXZ.IRX
0A67 F25A 457 oANDo9C7)-v,9NYSCR
0469 458 ..RESET CONDITION BYTE IN DUMMY LOCN
0469 -59 o*
0469 460
0469 461 .. NOW CALCUL.ATE F
04A9 2F 462 DEC NYW ..POINTS AT Z
046A 70272727 463 @(Z)jDEC NYWJDEC NYWIDEC NYW
046E F160 464 .OR.S(W)uIRX
0475 P260 467 -ADEC NYSRX@YC
0472 F2EAF1 466 .AND.S(Y)*OR.@*NYSCR

F 0477 F80OA9 468 A. )(ADJPR)-3-NYSUB.0
F 047A F50089 469 lCADJPR)-),NYSUB.I

0470D09 470 E NYSUB *-CALLS ADJPR

047F 471 eaRE.SULT LEFT AT SCRATCH LOCN (
047E 472 ..NYADJ POINTS TO .NOT.DONTWORRY
047E GEP2SA 473 @NYAOJoANO.O(F)-x-0NYSCR
0481 474 o.DONTWORRY PROCESSING
0451 F8DSAF 475 NYVAL9-*NYW.0
0484 476 ..POINTS AT .NOT.14
0484 OFTISA 477 ONYW*ORot(F)-b9NYSCR
£497 478 *.F SAVED IN SCRATCH LOCN
0497 479
0457 480
0457 A81 .. NOW CALC'JLATF Fl
0487 IA 452 INC NYSCR .. TO POINT AT RESET BYTE
0458 T8CCA7 453 NYVALD-PNYW*O **POINTS TO W A

0488 FP 484 SFEX NYW
048C 72F260 485 *t.ANDeJIRX a.W.-ANO.X*

0 0487 72EAFISA 486 @AND.@(Y').OR.S'NYSCR-2-fNYSCR
F0496 F86089 487 A.1CADJPR)-*NYSUB.I
F0493 P50089 487S Ae0(ADJPR)-*NYSUB.6
0499 fl9 489 SEP NYSUS --CALLS AOJPR
049A 490 ..RESULT LEFT AT SCRATCH LOCN
049A 491 ..NYADJ POINTS TO .NOT.OONTWORRY
049A OEF25A 492 @NYADJAND0(F)-WNYSCR
049D F8D4AF 493 NYVAL7-D-NYW.S .*POINTS TO
04AO 494 .(H*ANDSf*NOT*Hg))
04AO O771 495 *NYWOR*@C7)
0442 2A 496 DEC NYSCR -. POINTS AT F
04A3 F2SA 497 @AND.@C7%oAN0&7)-3ovNYSCR
04 A98 ..NYSCR POINTS TO FIRE CONDITION BYTE
04415 499 40

144



r Data hv.t: DO.5306
ihot: 25
I~izue: A

AS 12/07/79

RAA se
£ 0A5 IA 561 INC NYSCR

* 04A6 SA2A 562 - -ONYSCRJDEC NYSCR
0A 503 selF NO FIRE AUTOMATICALLY
04AS 561 **CONTAINS 100 FOR RESET
04AS F82SAF 505 NYVALK-2,NYW.0
04AS OA 506 ONYSCR

F @PAC 3A89 567 IF3,0 0O TO POINTI
OAAP OFFA7FSF Soo *NYW*AND.8B011)11111-PONYW
O4P2 509 ..RESET H~EAD TEST FLAG

F 0482 3600 519 GOOTO POINTA
04P4 OFFA80 51t POINTIrONYW.ANO.B116000069

F (0487 3A60 512 IF 2-0 GO TO POINT3..OONT LOG
0499 F8C2AF 513 NYVALG-3,NYW.0..OLD FtF' LOCN
04BC F82i6AB 514 NYVALS-s-NYSTAI.O..TIMER
04PF OF 515 ONYW

F 04CO 3200 516 IF=0 GO TO LOG
04C2 F88FAF 517 NYVALZ-XNYW.6..2ND LOG LOCN
04CS OAEF73 518 LOGSONYSCR-0- NYW
OACS 48710873 519 ONYSTAII-i-O-JONYSTAI-s'-
04CC F823AB 526 POINT2:NYVALU-"NYSTAI.0..O/P BYTE
04CF OBFAOA 521 ONYSTAI.AND.B60601010

F 0402 3A00 S22 IF x,9 GO TO POINJ3
04D# 523 **FIRE NOT ABOUT TO BE SET
0404 F8BCAB 524 NYVALY-3-NYSTA.6..D Olr FIRES LOCN
04D7 ORFFFF 525 *NYSTAI-CFF

F 0404 3POO 526 IF .0 0O TO POINT3..RCG. FUMLL
6O4DC 06FC0158 527 ONYSTAI*001-*ONYSTAI.INCRE4ENT
914F- F804SA 525 POINT3:B'0600O6t66-NYSCR
04E3 EA S290 POINT41SEX NYSOCR
04F4 F823AB Sao NYVAL-*NYSTAI*6 .. O/P BYTE
04E7 OPPAFBFISB 531 *NYSTAI.AND.B1I11t011%lORoe-3o@NYSTAI
04EC 532 .. SETS OR RESETS 0/P FIRE CONDITION
AAC K:7 533 SEX R7

04E0) 7177 534 DIS#077
04EF FS64 535 SEX NYSTAIjOUT A

@AF1 I536 .. OUTPUTS
04lFt ~A 537 SEX NYSCR
O4F2 68VA7FFIR 538 ONYSTAI.AND.B'l11I11l'.OR--eNYSTAI
AJr7 C7 539 SEX R7

04F8 7077FA 540 RET.077JSEX NYSCR
04O 41 *#SAVES FIRE IN TRUE LOCNSALSO

04FES 542 0*
OAFEI S4,3 o*

0)4r5 44 **NOW REVERSE ADJACENCYOPROCESSING
OAS54-, .. OF F; USE 3 REGR.'S9FOR CONVENIENCE

OAFF 546 .. CAN USE JU'T 2
OAFP IA 547 INC NYSCR
RAVC 548 .-POINTS TO P.AND.P@OIN SCRATCH
OAFC 7803AF 5.49 NYVALA-2-NYW.G



Data jhleet: DO.5306
.ih..tz 26
laauo: A

AS 12/07079

* FF550 ..POINTS TO SAVE LOCN OFfF
OAFF F8DSAF s5 NYVALJ-i'NYADJ.0

@ 0502 s5e ..POINTS TO ADJI
8502 553 ...RFVERSE IST LEVEL ADJ PROCESSIN4G
0502 OAF6F6FfP.6 554 *NYSCR/2/2/2/2

* 0507 EEF2EAF1'<" 555 .AND.@'NYA0J.OR.S'NYSCR-2-0NYSCR
esic5560 veREVERSE 4TH LEVEL AOJ PROCESSING

OSOC 2E 5579 DEC NYADJ
0500 F6EEF2EAFISA 1558 /2.ANnoo0NYADJ.OR.0*NYSCR- -0NYSCR
0511l 559 seREVERSE 3RD LEVEL ADJ PROCESSING
0513 2E 560 DEC NYADJ
0514 FFEAFISA 561 *2.AND.S'NYADJ.OR.0INYSCR.*0NYSCR
051A 562 --REVERSE 2ND LEVEL ADJ PROCESSING
0951A 2E 563 DEC NYADJ
0518 V6F2FEAFI5F 564 '2*AND.O*NYADJ*OR.OONYSCR-lo#NYW
0521 565 ..SAVES F FOR NEXT ENTRY TO FIRE ROUTE
052) U66 *-NOW RESET FOURS&TWOS*ONES COUNT
0521 FSA2AA S67 NYVALO-PNYSCRo0 ..ONESOCOUNT POINTER
0524 F800737373 568
0529 569 &-.END OF PROGRAM SECTION FSET
0529 570 #*WHICH4 COMPLETES FIRE ROUTINE
0529 57)
0529 572
0529 573 *@ENDS FIRE ROUTINE
0529 574 .ees*a.sewssea*****
0529 575 #*NOW CHECK DMA RAM
0529 EF 5760 SEX RF
05PA F8rFAF 577 LDIOFF)PLO@RF
PJ520n FSAA738F 578 POINTiLDIfAAiSTXO,;GLO0RF
0531 FFOC3A2n6O 579 SMIif9EIBNZ POINTJIRX..TO POINTAT DF

F 05i36 72FFAA3AOR see REPTiLflXAISMIfAAsNZ WRONG
053S SF3A362F 581 GLOORTJSIJZ REPTODEC RF
0-53F 7855718F sez AGIN ILDIU5SI)STXI DGLO RF
054i3 FFDE3AIF60 583 SMICDEJBNZ AGIIIRX

F 41548 72FF553AOO 584 ROUNDlLDXASMI#SSB3NZ WRONG
F 0540 S73AA83000 5550 0.OORFjONZ ROUNDJBR RIGHT

C05SP F824CO0000 586 WRONOILDII24)LBR LACHFL
0557 F80Cf3FE0F8E2AFO 587P RIGHTSLDIOOCJPHI RFJPHI ROILDIOEP.JPLO RF
055FAF8807373 588 LO! 0JSTXDJSTXD
0562 FSFF7373 589 LDIOFF)STXDJSTXDIi
05660 590 ... SET IST 4 DMA LOCNS
05660 59) ..TO INDICATE FAILURE
0566 592

0566 F8DFA0 5930 LDIOPIPLO Rio..RE-INITIALIZE DMA
0569 F82SAFOF 594 LDIE25PPLO RFJLDN RF I
056D FAPFF 5395 ANIITEJSTR RF
0570 n1 596 SEP R3
00800 597 ORO 0900

0800598
0900 599 .SIJPROUTINE ADJSEIAUTHOR NIGEL YOUNG (

0900



Dato .;h.et: D0~.5306
.Th..ti 27
Issue: A

-13-

AS 12/67/79

esee600 ..CALLED BY INITIALIZATION
epee 601 #-AND 15 SEC H SETTING ROUTINES
epee 602 ADJSET:
AP00 P8fl7AFAF 603 fYVAL0-%NYCONP.0vNYADJ*8

084604 *.CONFIG BYTE
6804 605 -.USE NYADJ TO POINT TO
OP04 606 *-ADJACENCY BYTES

0 FIROA 607 o9N8 UPPER BYTEOOF REGRS
O04 608 **MUST OF 00C
&'1OA F8B9AA 609 NYVALI-NYSCR.0 .. SCRATCH
0807 610 *-PUT LOCATION INTO WHAT WILL BE X RI
OP07 4CRA73 611 fNYAn~jI-3,-'NYSCR
ABOA 612 *#INCREMENTS NYADJ

0 090A 613 **DECREMENTS NYSCR CWH BECAME X REGR)
080A eAIA --PUTS CO'4TIG INTO IST SCRATCH LOCATIS
OPOA 615
090A 616

OSA617 --NOW CREATE ADJ2
080A 61X .. CONFIG ALREADY IN 0 REGR
OFOA PA705A 619 S.AND.8B011100001-*ONYSCR
080D F6F6F6F6FI5E5A 620 £&2/2/2/2.OR~f-;-fNYADJ.@*NYSCR
0814 621 ..ADJ2 STORED IN ITS AND DUMMYSLOCN
OH14 72F473 622 01+0-3.0- &*CONFIG*ADJ2 STORED
0817 4CErBrP.r25A# 623 fNYADJf*2oXOR.17p.AN~of-*fNYSCR

* @BID 624 *.PART CALCULATION QOOONTWORRY BYTE
0810 60 62$ IRX..REINCREMENTS TO POINT~ ATOSUM TOTAL
AS1F 626
OBIE 627 *.NOW FIND ADJ3
OBIE 625 -FPINDINGOF ADJ3*ADJ4,*ADJI COULD BE
681 c 629 ..WRITTEN AS COMMONOSUBROUTINE
OBIE 630 @*BUTONO&ADVANTAGE IN CODE LENGTH
OBIESOPFAO 631 fNYCONV.ANDaB'0061000'-&M

0 6BOI CE.
0822 R8a8 633 8'I0601000'-bi -*ELSE SET TO VALUE

0 0824 5E 634 4-b*NYADJI
P1925 63S ..STORCS ADJ3*EITHCR 0 OROSET VALUE
0B25 F473 636 £.@-3,9- **SUBTOTAL
0827 4FF15A 637 ONYAnflJIOR@-bNYSCR
082A 638 @.PART CALCN Or DONTWORRY BYTE
092A 60 639 IRX ..INCREMENT X REOR
08pp 640
4'1R28 64100 *-NOWI FIND ADJ4 SIMILARLY
0122e 0lrA04 6A2 fNYCON.ANo.8e00t'-*.4
0927 Cr 643 LSZ
092F P822 644 016i-
0931 sr 6A5 &-*VNYADJ
0932 P473 f6A 80vof 0 OP34 4FFISA60 647 *NYADJ?.OR.-ONYSCRj IRX
0838AR
0838 649 ..NOW FIND ADJI SIMILARLY



sleet: 28F. -IA -Immu~i A

:1AS 12/07/79

0838 OF.FA8O 650 ONYCONF.AND8'10000660-*8
088CE 651 LSZ

9 083C 7887 652 B'0660 1 01-3.
093E SE 653 A-*ONYADJ

083F F473 6540 4+V0-20
0B41 655 **PARTIAL SUM SAVED
OB41 656
0841 657t ::N'OW CALCULATE oNOT.DONTWORRY
0841 4EF.FPFFSE 658 ONYADJI.OR.0.XOR.#FF-bONYAOJ
0846 1E60 659 INC NYADJJIRX
Ap4R@FA 660 8.0-ba o.PARITY SUM CHECK BYTE LEFT
0849 661 --IN D REGR. X REGR LEFT POINTING AT
OI949 662 &*SUM4 SCRATCH LOCATIONOWNICH ONLY
0849 663 **CONTAINS PARTIAL SUM WHICH SHOULD
0849 664 *-NOT BE USED
0849 665 .. NYADJ LEFT POINTING AT PARITY SUM
0849 666 a.BYTEPNYPARI*LOCATION

* 0649 r)7 667 SEP NYMAIN ..RETURN
094A 0 668 **END OFOSUIRROUTINE ADJSET
OBAA 669..**e*****.s********6

Of084BA 670 ....6*.*..*.*.**..*..1084A 671
0134A 672

0B4A 673
0 OPAA 674 * .SUBR1ALTINE HEADSmCALLED IN PROGRAM.1OP4A 675 -- SECTION RENEW

/A676 *-ISSUES FVLT ON HEAD VAILL'E THRUOUT
O0,4A 677 #*ANY ADJACENCY SET
QIP4A 678 .. A(ITHOR THIS SIJbI(O13IT~e *NIGE~L YOUNG
OE4A 679 MEAD5:

or6A680 ..X REGR IS NYHsFOINTING AT .NOToH
OPaA 681 .. ENTr.R HERE:
OB4A F989AA 652 NYVALI-PNYSCR.0 .. SCRATCH

683 AB *-MUST ENSURE NOT OTHERWISE NEEDED
004nl 72FPFFF2 68A f*XORoS77.AND.O
OPSI 2F2F 685 DFC NYMiD9C NYH
OIP53 SF 686 -*'0NYH .. STORFS (.NOr*M').AND.H
OPSA IF 68? INC NYN
0955 72F25A 688 *t.ANO-v@NYSCR ..(.NOT.H*).AND.(*NOTU

OBS689 **IF NOT ZERO* FAULT
or 0858 3200 69 0 1F as 00670 NyIW'74 ..RETURNS
* OP c;A F8CAAF 691 NYVAL5S*NYH.O

085D @F 699 ONYN *-OLD VALUE OF (.NOT@H')*AND*C.NOB
F 095F 3ACO 693 I 13 00G TO NY0776 .ooONT RENEW IF

0860 694 **.ALREADY NON-ZERO
OBfO OA73 69-, ONYSCR-3pe-

* OPAP Lr826AA 696t NYVALS-*NYSCI;.O ..TIMER
* 8P$, 4A730A73 697 ONYSCRI-O-jONYSCR)0,O

* 8869 498 ..LOGS FALT
0P69 F823AB 699 NYVALL'-*NYSTAI.* .*O/P STATUS

148



shtet: 29
- -Ift..ue: A

AS 1?/07/79

086C OBF9025B 780 *NYSTAI.OR.B 000000108- 6NYSTAI

8970 IB 701 [NC NYSTAI
0871 08F9025B 702 ONYSTAI.OR.B'O000601-oNYSTAI
0875 703 ..SAVES FAULT INTERNALLY S FOR O/P
875 704 .. ??NEED TOOCHECK FAULT BUTTON
875 0? 705 NYOFF61SEP NYMAIN ..RETURN

0876 764 .. END OF S11PROUTINE HEADS

6876 708..**.*e*************.
OP76 709 ..

0976 710*.ss**..*.***s*e s**.
876 711 ************************************
0976 712 .. SUBROUTINE ADJPRPAUTHOR NIGEL YOUNG
087f, 713 .*CALLED FOR FD*HH ' PROCESSING
6876 714 ADJPR:
fP76 F87AF 1IS NYVAL0->NYADJ.o .. CONFIG
0879 116 #.SAVES FAIl T IN TRUE LOCATION ALSO

0B79 117 ..USE NYADJ TO POINT TO ADJACENCY BYTE
OP79 718 ..N.8. UPPER BYTE MUST BE foC

0879 IE 719 * INC NYADJ
087A 4EF2FErl7360 720 @NYADJf.AND.@*2.OR.@-'- IRX

es 721 ..PERFORMS SECOND LEVEL PROCESSING
0P8 4LrF2F6F17360 722 fNYADJI .AND.@/2.OR,@->@-JAIRX
0986 723 ..PERrORMS THIRD LEVEL PROCESSING

0886 4EF2rEr17360 724 ONYADJIAND.@*2.OR,*6-@-3IRX
08C 725 ..PERFORMS FOURTH LEVEL PROCESSING

098C 4EF2FEFEFFFEFI 726 ONYADJ!.AND.*02*202*2.OR.@
0193 7360 727 -) -) IAX
0895 728 ..PERFORMS FIRST LEVEL PROCESSING

0R95 729 ..RESULT OF ADJACENCY PROCESSING
0B95 730 ..LEFT IN D REGISTER AN) AT LOCATION
OF95 731 .. ORIGINALLY POINTED TO BY X REGISTER

099S 732 ..X REGISTER RESTORED TO ENTRY CONDITIS
0895 733 ..NYADJ REGISTER POINTS TO
0895 734 0. ,NOT.DONTWORRY BYTE

0B95 D7 735 SEP NYMAIN .. RETURN

0P96 736 **END OF SUBROUTINE ADJPR
0B96 737 .•**************************************

0896 738
0896 739 *************************************
OR96 7AV 0 .FATAL AILT LATCHING SECTIONI.,ACHIPL
089 741 **FOP F/'LTS WHICH CLOSE DOWN THIS
0896 742 ..SIDE OF SYSTEM
0896 743 .*NOT A SUDROUTINEBRANCHED TO WITH

0896 744 #.ERROR CODE NO IN D REGR
R96 45 *,.VALUE OF P VARIES WITH ERROR

0O800 74A OROeBDO

oso 747 LACHrLs
0800 79 748 MARK ..CLOBBERS MCRZ)
080| E26071 749 SEA R2JIRX;DIS

j4

I ____



- 16 -Data St et: DO.5306

AS 12/07/79

OBD4 758 ..DISABLES 1/RUPTS*RESTORES X&P
OBD4 2252 751 DEC R23-2-OR2
OBD, 7S2 ..RESTORES R2*SAVES ERROR CODE NO

O~lA753 ..IN ITS CLOPRERED MEMORY LKCN
08D6 F885AA 754 NYVALW-3NYSCR-0
081D9 755 ..LACH7rL STORAGE LOCN
P18r9 F926AF 75A NYVALS-2NYH.0
OBDC 757 .. BYTEOOF TIMER
OBDC 758 ..NYH*NYSCR CLOBBERED..DOESN'T MATTER
08OC EA 7S9 SEX NYSCR
OBDD 027347730773 760 fR2-**-j*NYH1-,j@-JfNYH-2-
OBF-3 761 --SAVES ERROR CODE NO & TIME
OBE3 F823AA 762 NYVALU-.,NYSCR.0 ..O/P BYTE

7 0E6 780OA4 763 A*0CLABLX)-XR4*0
OBE9 F80084 7A4 A.1CLABLX)-s-R4.1
O8CC E4D4 765 SEX R~iSEP RA
OSEE 6442 766 LABLXSOUTA* 042
0FiF0 30F0 767 NYLOOPsGO TO NYLOOP
0RF2 768 ..LOOPS
08F2 769 esbEND OF LACHFL*FATAL FAULT LATCHING R@
O872 770
918F2 771********* .*..*.***...
0872 772 END
O0I72 774
0872 775

8 0872 776
09F2 777 END

150



Sheets 31
Ifinues A

AG2 19/07/79

FL LOC COSMAC CODE LNNO SOURCE LINE
0000 1 ..GSE PROGRAM
0000 2 .. ENTRY WITH X=RS
0000 3 .. PuR7* RS*OCGS
000p) 4 TEMPmf0l**TEMPORARY REGISTER USED IN OS
0000 5 TLOC*003..ASCII BYTE STORED AT R3
0000 6 RAMN#06..DATA SHIFTED FROM RG

0000 7 WORK=004s*RA IS WORKING REG
09100 8 DE-LAYmEO8*.R8 IS DELAY ROUTINE CTR

00009 OUTvDO9..R9 IS 0/P ASCII CHAR ROUTINE I
0 0000 to ..RA WORKING REG

0000C 11 CMLOG*,00757
0000 12 ROMCKPOO750

00013 BOTSToOO792
0970 14 ORG 00970
0978 C4 Is NOP
0971 68 16 INP3..GET GSE STATUS
0972 FA0D 17 ANIMOD..MASK

P 8974 C20000 I8 L8ZIDLRT..IDLE ROUTINE
0977 FF01 19 SMIfO)

P 0979 C20000 20 LSZ DATOT..DATA OUT
P 097C FF03C20000 21 SMI 003ILBZ RMRNA..RAM RETENTION
F 0981 FFOIC20000 22 SMI DOIJLBE RMRNB.. RAM RKTIENTION 8

0986 7P03C20757 23 SMI 0413)LBZ CMLOG*.COMMON LOGIC
&988 FFOIC90750 24 SMI#0IJLBZ RO$s1CK e.ROMCHEC(

F 0990 7703C20000 2S SMI 003JLBZ RMTR..RAM TIESTSRESET
8995 C00792 26 LBR BDTST ..BOARD TEST (MICRO P)
0998 E7 27 IDLR!:SEX7

0999 6450 28 OUT 4 #050..SgTS GSE 182 HIGH
0998 3098 29 BR IDLRT..WHICH CHECKS THEM FOR LATER 2
o99fl FSFFAS 30 RMRNAiLDIOFFJPLO S
09AO 85 31 ENCORIGLO R5
039A1 73 32 STXD
09AZ 3AAO 33 BNZ ENCOR..LOADS 0CF~xFF TO O1COOnO
09A4 ; 7 34 SEX R7
09A5 6410 35 OUT AofI0..RAISE GSE FLAG

09A7 30A7 36 !IEsSR ME
09A9 780055 37 RMRNBsLOI090JSTRR5

@ 09AD A6 39 PLO R6..PUTS 00 AT R6(0)STR
09AE 867A4A6 40 BACKTOiGLO R6jADDPLo R6..1EMP SUMSOR
0981 6085 41 IRXjGLO R5
0983 3AAE 42 ONZ RACKTO
0985 86 43 GLO R6
0986 7780 44 SMI#88o.CHECKSUM BIT
8988 1:7 45 SEX R7

r 09S9 3AO0 46 ONZ FLTY..BAD CH'ICKSUM BRANCH
09PP A ASO A7 OUT 4#D00sRAISE GSE 182

'it3 308D As T!ME-BR TIME
09BF 6410 49 FLTYIOUT 4#010. RAISE OSE I



Data Sheet; DU.53O6
jh**tt 32
1ISSUO: A

-2-

Ar,2 12/07/79

09C1 30po so FF TIME
09r,3 F80A 51 RMTRsLDI 00A
09Cs R9 52 PHI R9
09C6 FSRIA909 53 LD! #B1SPLO R9)SEF R9..RAM TESTARESE1 U
09CA E7 54 SEX R7
09CE~ 6410 55 OUT 4#90..*GSE I HIGH SIGNIFIES
09CD 56 .*COMPLFE
09C1) 30CO 57 SFLFIOR SELF
09CF 58 ..N.S. IF BAD RAM TEST
09CF S 9 ..LACHFL. PUTS GSE2 HIGH
09CF 60 ..OUTPIT RAM TO GSE ROU1TINE
09Cp FBoc 61 lATOTiLDIDOC
09T)I B6 62e PHI RAM.-REGISTER DENOTED BY&
0902 F800 63 LPIUBS..-RAMsOCOO
090l4 AA. A4 PLO RAM
09DS A4 65 PLO WORK..REG DENOTED BY

09)666 f.V1OR~vXX00
F 1 906 F800A9 67 A.e(OFASCI)-oR9.0
F 09D9 F80089 68 A.t(OPASCI)-R9.1
F 09flC F800AS 69 A.0(DELRT)-*R8.6
F 09DF FOOO89 70 A oI (DEL RT)-'RI

09E2 F82183 71 LDI#21)PHI rLOC .

09ES 09 72 SEP OUT..TRANSMITI
09E6 FSAD93 73 LD104DJPHI TLOC
09E9 09 74 SEP 0OUT. .0"I
091:A F834S93 75 LOIU3AJPHI TLOC
09Ff) D9$ 76f SEP OU1..**4
09EFE F83.48309 77 L01034JPHI TLOCjSEP OUT*."4
09F2 F83083P9 78 LD1030JPHI TLOCJSEP OLT..0O
09F6 r836P3fl9 79 Lf)1130)PHI TLOCJ SEP OLT..0O
09PA FRIBAfl so LnI#18#PLO RD...SFT FOR 24 SPACES
09rFf 820M9 51 PMSsLDI#20JPHI TLOCJSEP OLIT
0A01 2flenCA09FD 82 DEC RnJCLO RDjLBNZ PHS
OA06 7? 53 RFAr~hLDXA..READ LOCATION OCOO

01A 1194 #.ANO ADVANCP.D
OA07 B4 85 PHI WORK
0A06 F6F6F6F6 86 SHRISMR3SHRjtHR4
OAOC FCF6 87 ADIDF6

F WAE 3B00 88 BNJP LAB I
AI FC07 89 AD1167

OA12 FFC6 90 LAB11SMIIC6oCONVERT THE 1POUR MOST
0AI4 83 91 PHI TLOC..SIONIIFICANT SITS
OA15 92 ..TO ASCII

0A15 09 93 SEP OUT. .0/P ASCII BYTE
OA I o 94 94 awl WORK
OA17 FFFFFFFE 95 SHL15HLiSHLISHL
OAIP FAFAF6F6 96 SHRISHRJSHRPSHR
0AIF FCF6 97 ADIfF6

F PA21 3900 98 SNF LAB 2
OA23 FC@7 99 AOIDO7



.ihvet2 33
U~~~lsut Ajot O50

-3-

Ar,2 12/07/79

OA2S FFC6 Ise LA82:SMIDC6.#CONVERT THE FOUR LEAST
OA27 B3 101 PHI TLOC..-SIGNIFICANT SITS
OA28 ASCII0 ACI

OA30 BOA0 107 LBNFREAD*.AFTER 256 BYTE TRANSFER

OA396410111 OUT 4*010..ISSUE GSE I FLAG

OA~n 113 .O/P ASCIICHARACTERROTN

AA3F: F808A3 1t5 *PASCI:LDt#08,PLO TLOC
OA41 F 8 0' /' hA LDIOID J0PLO TEMP

OA45 P8 110 RETtJRN:SEP DELAY
OA46 23 119 DEC TLOC
~A7 83 120 GO TLOC

F PA48 3200 121 Br PAREND
(AA4A 93 122 GHI TLOC
OAAB F6 123 SHR
PIAAC B83 124 PHI TIOC

F O4nI 3800 125 SNF TOM -

CMA4V It 126 INC TEMP
@AS0 7A 127 REQ
OASI 18 ps SXP
V0A932 7P 129 TOMISFEQ
OA53 COOA45 130) LOR RET11RN
OASA 81 131 PARFNDiriLO TFMP
OAS7 rA 132 SHR
IAS 3POO 133 RNF BILL
OAS 7A 134 REG
0A58 3 % 3 SXP
OA5C 7P 136 BILL:SEQ ... EVEN PARITY
MA5D DS 137 SEP DELAY
OASE 7 A 138 REG
0ASF n3 139 SEP DELAY

OASOr~ 140 SEP DELAY
OA61 C00A3n 141 L8R START
OAAa 142 ..nP:rLAY ROUTINE
64 09 14,1 STRIsSEP R9

01AAw Fgi1 144 DELRTSLD)I#51 *-FOR 300 BAUD
OAA.7 rF6 145 DILISMI 001
OAA9 rAC4 146 NOPI)dOP
6A6B 3A67 147 ONZ DIL *
OA6D COOA64 148 LOR STRI
OA70 149 @**BOARD TEST PROGRAM



!)at* ~ ..t Sht:D-50

Islwe: A

AG2 12/07/79

OA70 150 *...GSt SWITCH AT 8B111'
0792 151 0RG90792
079q F99 152 L01090
0794 A2 153 PLO R2

F 0795 F802P9 154 A.ICINADRP.wRI-1,R9.I
F 0799 F800A1 155 A.0(INAOR)-oR1.O *-INTERRUPT ADDRESS

079C F7 156 SEX R7
079n 7077 157 RET*077

F 079F F80OA9 158 AeOCDALLY)-3R9sO
07A2 FS610962D9 159 SEX RSjOUT IjSEP R9iOUT 2sSEP R9
07A7 63n964D967D9 160 OIT 3BSEP R9JOUT 4JSEP R9iOUT 7ZSEP R9
07An C00200 161 LPR #e200
0780 7A 162 CmBAKsREQ
0PI FSOOA5 163 CIRCL~zLDIIPPPLO RS ..TO RESET PORT

F 07B4 3400F90155 164 B1 HAY)LDID01D'5TR R5
F 07B9 350F802FlS5 165 HAYS82 BEEILDI#02,ORiSTR R5
F 078F 360F804FI55 166 BEE283 SEAJLDI 4,ORISTR R5
F 07CS 370OF808FI5S 167 SEA:BA DEE)LDI 8JORiSTR R5

07CS 64 165 DEEEOUT 4
07CC 30B1 169 OR CIRCLE
07CE 07 170 PIESSEP R7
07CF FSAIO8PAF 171 DALLYsLDIOA@iPHI RFrJPL0 RF,.*APPROX
07D3 2F9F3A03 172 MONEYIDEC RFJG4I RlFJBNZ HONEY
07D7 173 .0.*- S DELAY
07n7 30CE 174 OR PIE
0709 (175 ORO*.*.... DOES NOTHINGI?
07D9 6072FE7270 176 BYBYE:tRXJL0XAJSHLjLDXAJRET
070F 22782273 177 INA0RtDEC R2JSAVJDEC R2ISTxn *-SAVE ACC
07F2 7673 ! 178 SHRCSSTXn *..:AVF DF
07F4 FSA00FAE7P 179 LDI#AP),PHI REPPLO REJSEQ
07E9 2K91:3AE9 ISO CRAZYZD)EC REiGHI REIAINZ CRAZY o .1 SEC 013
07ED) 7A3909 151 REQJsR BYBYE
0200 7B09coo5F9 182 ORGDO20,FSESP R9P3L5R005F9
Pr~r9 7Afl9CM079f) 13 % RG#95F91PFnl;-rP R9)LPR#0780
078n) 7Rn9C00968 184 ORGO 78DjSEW SEP R9JLBR0963
09 62 7AD)9COOAFI 185 OR k-' "-681 REQ3SEP R9SLPR#9AFI
OAFI 7B09C00780 186 ORGOOAFIOSEQ;SEP R9)LBRCMBAK
OAF6 187 --THESE ARE SKIP THROUGH

OA88Is ..AnnRFSSES TO PROWE
OA~ 189 ..MlEMORYt DECODING IS OK



-neet 3', of .5

~IM
o' * . ****e'OMMON LOGIC TEST PPOGRAMME****cl (I o' I) (I 1 1 2 0lF' 13 8. 5

C1757 E?; o1003 .EX R7
0?58 6a 00; 0004 {LOT 2,;suO
O75A C4C4I (o'ooA5 NOP HOP H4M I MRASTEP
075C 20 0006 DEC 10
075D EO; OW? EX P'
075E FOFRO. ; A'oI18 LDX ANI::02
0761 E?; 0009 Ex R?
0762 327C; 0010 BZ SLAVE
0764 64C4; 0011 BEGIN: OUT 4,11)-4 .. ISSUE T.,,FIPE GSE
076#. F840B4A4; 1 1012 LDI::40 PHI R4 PLO R4 .. APPROX 400 M-& DELAY
(.76A 24Q43A6A 017,13 DILL: DEC P4 GHI R4 BNZ DILl
076E 64.48; 6014 OUT 4,#9 .. RESET FIRE &- G'.E , ISSUE
0770 F940B4A4; (01! LDIIu40 PHI R4 PLO R4 .. INHIBIT & GZE 1
0774 2494; 0016 DIL2: DEC R4 o3HI P4
(o776 3A74; ohA17 BI, DIL2 .. TIME DELAY
0778 64561 1018 FLHiH: OUT 4,450 .. PEZET INHIBIT, T-i s
077A ?07A; 0019 THI : BP THI ,. ISIE (G1E I : &
077C F8FFBk4; 0020 :LAVE:LIIuFF PHI R4 PLO R4
07. *0 2494C41 00 1 DELRYIDEC R4 GHI P4 NOP APPROX 2 SEC DELAY
07"r3 3APrO; 1022 BrNZ DELAY
07:8 3564; (1023 "."ELFZ B2 BEGIN
0787 30851 0084 DR SELF

0789 ; 0026
7 3 0027 *... ,*OM CIHECK XT !....

0789 I 0028

0789 A ('o 9 OP.1o074( .R. POM CHECK jET ,..
'740) F023A!S 003': " EVEP:LI::dj PLO P5 .. fLL PEO C- Fb.U ,
0743 F8. 8055; 0031 LDIU:80 "TR P5 .. CORPPECT -ET
o746 FAFFAS1 0032 LDI::FF PLO P5 . LIP TO ENTER
674.: F0('IB3 003.3 LrI0OI PHI W3 -BACKGROUND PGM.
0741. F.70A3; 0034 LDIn70 PLO P3
074 D ; 0035 rEP P3
0)7'r 3AA4 1)(1(13e BR EVEN ..ENTRY POINT
,l (,(.7 OR6i~ OSF?
05F' 7RD9rO7AD ':1 '-u7A-.*:D~v,#C0,e07,sa8D .. rOT US'.ED IN PROGBUT LEFT ,
'15FE * ri I.' OR03S1 ORF I
01O-FI 7BD'oCoOT7 0040 .u7BoD9,uCOI0794I0 .. FROM PPEVIOU" EDIT-;) OA F8 ; A, 1741 . .NrD MU.-.T ,BE I[NCLUJDED FORF Fs ; 0042 .. CORRECT PARITY

rnAF6 $ (1043 END
0000

F,HoL,U-

i.

iI

____________
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Appendix A -
Instruction Summary

The COSMAC instruction summary is given in Tables K(W).O: Lo~wer-order byte of R(W)
I and 11. Hexadecimal notation is used to refer to the R(W).I: Higher-order byte of R(W)
4-bit binary codes. NO a Least u.gntficant Bit of N Register

In ail relisters bit& are numbered from the least sig-
nificanit bit (LSD) to the most significant bit (MSB) Operation Notation
starting with 0. M(R(N)) - DR(N) +

R(W): Register designated by W. where W&N or X. This notation means: The memory byte pointed to by
or P R(N) is loaded into D3. and R(N) is incremented by I

TABLE I - INSTRUCTION SUMMARY
by Close of Opseation

Reister Operations
OP

INSTRUCTION MNEMONIC CODE OPERATION
INCREMENT AEG N INC - 1 N R(N) +1
DECREMENT REG N DEC 2N R(N) -1
INCREMENT REG X IRX 60 R(X) +1
GET LOW REG N GLO BN R(I).-O
PUT LOW REG N PLO AN 0--R(N).0
GET HIGH REG N GHI 914 R (N).1 -0
PUT HIGH REG N PHI SN D-R (N~l

Memnory Reference

INSTRUCTIONC MNNC :OE OPERATIO.2NT

LOAD VIA X AND ADVANCE LDXA 72 M(R(Xfl-0; R(X) +1
LOAD IMMEDIATE LDI F8 M(R(P))-D; R(P) +I
STORE VIA N STR SN D-MIR(N))
STORE VIA XAND STXD 73 D-MfR4X)I; R(X) -1

DECREMENT

Logic Operations#*____

OP
INSTRUCTION MNEMONIC CODE OPERATION

I'OR OR F I M (8(X)) OR D-D
OR IMMFDIATE ORI F9 M(RIP)) OR 0-0, RIP) +1
EXCLUSIVE OR XOR F3 MIR IX) XOR D-D
EXCLUSIVE OR IMMEDIATE XRI FB M(R(P)) XOR DD0; RIP) +1
AND AND F2 MIR(X)IAND D-0
AND IMMEDIATE ANI FA MIR (PI) AND 0-D.' RIP) +1
SHIFT RIGHT SHA F6 SHIFT D RIGHT, L-SOfL)-OF.

O-MSB(0 I
SHIFT RIGHT WITH SHRC 7 675 SHIFT D RIGHT. LSBID)-DF.

CARRY OF-MSBIOI
RING SHIFT RIGHT RSHR3
SHIFT LEFT SHL FE SHIFT D LEFT, MSSIDI-0F,

O-LSB ID)
SHIFT LEFT WITH SHLC 7 7E# SHIFT D LEFT, MSSID)-DF,

CARRY DF-LSB(DI
RING SHIFT LEFT RHL____________

*NTE THiS 'NS IMUCT-ON ISASSOC IATELI * T MORE THANI 00if
MNEMOMIL EACH M10MOP4IC It. INDIVIDUAL.LY tisrFo

"NtOTE T HE A A 1 ME TIC OPtRATIONdSANdD THEt SHIFT INi5TPLCTIONAS
ARE THE OiL Y INSTRV( lIONS THAT CAN ALI ER THE Of



U s r Mental for the RCA COPf1602 COSMAC MIcpor

Arithmntic Operation"

INSTRUCTION MNEMONIC CODE OPERATION

ADOD ADD F4 MIR(X)I D*ODF. D
ADD IMMEDIATE AOI FC MIR(P)) 40-OF. 0. R(P) +1
ADO WITH CARRY AOC 74 M(R(X)I #0 'OFOF. 0
ADD WITH CARRY, AOCI 7C M(R(P 0 DODF., 0

IMMEDIATE RIP) #1
SUBTRACT 0 SO F5 M(R(X(I-D'DF. D
SUBTRACT D IMMEDIATE SDI FD MIR(P) D-OF. D. R(PI #1
SUBTRACT 0 WITH SOB 7S M(R(X)I-D-(NOT DF-OF. 0

r. BORROW
SUBTRACT 0 WITH SDBI 70 M(R(PII D (NOT OF).OF. 0.

BORROW. IMMEDIATE RIP) - I
SUBTRACT MEMORY 3M F7 0 M(RIX))'DF. D
SUBTRACT MEMORY SA I FF 0 M(RP)-OF. 0,

IMMEDIATE R(PI .1
SUBTRACT MEMORY WITH SMB 77 0 M(RIX)I- (NOT OF)-OF. D

BORROW
SUBTRACT MEMORY WITH ,8 9: 7F O-M(RIPII-(NOT DF)-OF. 0

BORROW, IMMEDIATE RIP) -1

Branch Instructions - Short Branch

SHORT BRANCH . BR 30 M(RIP)I-R(PI 0
NO SHORT BRANCH NBA 380 RIP) .1

(SEE SKP)
SHORT BRANCH IF 0=0 BZ 32 IF 0-0. M(R(P))=R(P) 0

ELSE RIP) -1
SHORT BRANCH IF BNZ 3A IF 0 NOT 0. MIRP)I-R(P0

0 NOT 0 ELSE R(PI +1
SHORT BRANCH IF OF-1 BOF
SHORT BRANCH IF POS BPZ' 330 IF OF,1. M(R(P))-R(P)0

OR ZEROt ELSE RIP) #1

SHORT BRANCH IF EQUAL BGE
OR GREATER

SHORT BRANCH IF OF'0 BNF 354 IF OF-O. M(RP))-R(PI.O
SHORT BRANCH IF MINUS aM "I ELSE RIP) '1
SHORT BRANCH IF LESS 6L
SHORT BRANCH IF 0-1 6o 31 IF 0-1. M(R(P))-R(PLO

ELSE RIP) s1
SHORT BRANCH IF 00 BNO 39 IF 0 -0. MIRIPI)-R(P) 0

ELSE RIP) '1
SHORT BRANCH IF EFI-1 61 j4 IF EFI 1, MIRIP)I.RP) 0

( 1 VSS) ELSE R(P .1
SHORT BRANCH IF EFI-0 BNI 3C IF EF1=O. M(R(P)I-R(P).O

(0- VCC) ELSE R(P; *1
SHORT BRANCH IF EF2,1 82 35 IF EF2-1, M(R(P))oR(P}.0

(I VSS) ELSE R(P) +1
SHORT BRANCH IF EF2-0 SN2 30 IF EF2-0, M(RIP))-R(P)0

(0, VCC) ELSE RIP) +1
SHORT BRANCH IF EF3-1 63 36 IF EF31. M(R(P))-R(P)0

(1 - VSS) ELSI RIP) +1
SHORT BRANCH IF EF3-O 6N3 3E IF EF3=0. M(R(P))-R(P).O

(0 VCC) ELSE RIP) ,1
SHORT BRANCH IF EF4-1 84 37 IF EF4-1, M(R(P))-R(P).0

(1- VSS) ELSE RIP) '1
SHORT BRANCH IF EF4=C BN4 3F IF EF4 0, M(R(P)|-R(P)01(0- VCC) ___ ELSE RIP) +1

I-(
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Branch Instructions - Long Branch

OF
INSTRUCTION MNEMONIC CODE OPERATION

LONG BRANCH LBR Co M(R(P)-R(P.l
M(R(P) +lI-R(P.O

NO LONG BRANCH NIOR C8* RIP) +2
fSEE LSKP)

LONG BRANCH IFD0- LBZ C2 IFD0-0, MfR(P))-RIPIi
M(R(P) +i)-RIP).Q

ELSE R(P) +25
LONG B3RANCH IF D NOT 0 LBNZ CA IF D NOT 0, MIRIP))-*

RIP) .1
MIRIP) +I)-

ELSE RIP) +2P.
LONG BRANCH IF OF-i LBDF C3 IF O~ul, MIR(P)i-R(PI.1

MIR(P) +I)-
R(P).O

ELSE RIP) +2
LONG BRANCH IF OF -0 LGNF Ca IF OF-0, M(RIP))-RIP).1

MIR(P) +I)-
R(I.0

ELSE RIP) .2
LONG BRANCH4 IF 0-1 LBO Cl IF 0.1, MIR(PII-RIP)I.

ELSE RIP) +2
LONG BRANCH IF 0-0 LUNO C9 IF 0.0, MIR(P))-R(P)lI

MIR(PI +11-
RIP) 0

__________________ _________ELSE HIP) +2

Skip Inistructions

OF
INSTRUCTION MNEMONIC CODE OPERAT ION

SHORT SKIP SKP 384 R(P) +1
(SEE NBR)

LONG SKIP LSKP CO' RIP) +2
(SEE NIBRI

LONG SKIP IF D-0 LSZ CE IF D-0. RIP) +2
ELSE CONTINUE

LONG SKIP IF 0 NOT 0 I.SNZ C6 IF 0 NOT 0. RIP) +2
ELSE CONTINUE

LONG SKIP IF OF-I LSDF CF IF OF-i1, RIP) +2
ELSE CONTINUE

LONG SKIP IF DF- LSNF C7 IF DFO0, RIP) +2
ELSE CONTINUE

LONG SKIP IF 0-1 LSO CO IF Owl, RIP) +2
ELSE CONTINUE

LONG SKIP IF 0-0 LSNO C6 IF 0-0, RIP) +2
I ELSE CONTINUE

LONG SKIP IF IEwi LSIE cc IF IE&I, RI +2
________________________________ I___ I___________I___ ELSE CONTINUE

- - f*hOqf THIS iNsIH i flNo 1'. AVwkLiL.IAffjj Wi III MIJMI IANO,
M~tMOP4IC 'ALHMtM 4)f~II -IP4III~Ai Y Wl,

.. (OTI YI4( A 01II4Mt TIC OfMAIh A1T A 'V M ,III I NSIMII(I 110N%
AM( THE ONLY INSfTRUCTIONS TH4AT CAN A% TOM THlL 01,
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Control Insuti aton

OP
INUTRUCTION MNEMONIC COOE OPERATION

IDLE 1tW*_ 0 WAIT FOR DQAI3P
INTERRUPT; M411140111SUS

NO OPERATION NOV C4 CONTINUE
SET P SEP ON NP
SET X SEX EN N-X
SET 0 SEQ 7B 1-0
W''E?0 Rea 7A 0

SAESAy 78 T-41(RI[XII
PUSH XP TO STACK MARK 70 IXAP-T. IX,PI-M(R(2))

THEN P-X; R121-11
RSTURN RET 70 MIR (X))-.(X,P):RI X) +11

I-I E
DISABLE 015 7t M(RIX))-.(XP): R(X) +1

Input-Output Byte Trwwfer

INSTRUCTION MNEMONIC CODE OPERATION
OUTPUT I OUT 1 61 M(R(XII-OU)S; RIX) +1;

N LINES a I
OUTPUT?2 OUT 2 62 M(R(X-qUS; RIX) +1;

OUTPUT 3 OUT 3 63 M(R(X))k6US; RIX) 'I. I
OUTPUT 4 OUT 4 64 M(PIXI)-OUS. RIX) +11:

OUTPUT S OUT 6 66 MfR(XI-BUS; RIX) +1;
N LINES - 5

OUTPUT 6 OUT 6 55 MI AI E))-US; R(X1 + ;
N LINES - 6

OUTPUT 7 OUT 7 67 M(NiEII-sUsI~X) +I.

N4 LINES -?

INPUT 3 6NP N3IE

INPUT~~ 4 N4 6 US-M I R (X)): aUS-O;
N LINES - 2

INPUT 3 INPO 60 1, US-M(IRXI);SUS-O;
I N LINES a 3

INPUT 5 INPS 9 SE B US-MI R IX):US-IO;
I N LINES - 6

INPUT 7 INP 7 O F BUS-MR().0S-0,
I I__ __ N LINES *7

04407f f"IS "ITRUCI*41 I$ ASSOCIOyTaI1OW WIA04 THANd 0#4
Vh"df %IO I ArmV Psf boNi'S I3 NOWIUAgLLV L IT( 0

..*.a0 f Iwf A AI Vtf C tA A ff d A ' T W iM S4F 1 10011 UC YIOES
A,,, TM 'JAIL, NIAt,CfIWNS ?MA- - .PALTIR TI Of
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COSMAC LEVEL 2 ASSEMBLY LANGUAGE



k bRA1, Lve il AsseRD ty Language

In order to make programming easier, In Level I operations several of
the op-code mnemonics can be replaced with codes chat correspond to their
most frequent use. Likewise, operations Involving the D register can be
done using D-sequence instructions. In D-sequence inwtructions, special
characters are used instead of op-cod mnemonics making P-sequence
instructions similar in appearance to AP. statemsnts. (APL Is a high-level.
programming language)

Executable Statements: Level II

Substitution Instructions. The subetitutions fur the op-code mnemonics
fall into two forms. The mnemonics and their substitutions are listed In
Table VI. The first form involves simply the use of an imnmdiate keyword
in the same way that the mnemonic was used. Theme keywords are IDLE, GCTO,
NOGOTO, SKIP, RETURN, DISABLE, POP, PUSH, SAVE, GOSTAT., CALL, and EXIT.

EXIT is treated like a first class instruction and CALL is treated like a
macro call in that it is followed by an operand string. They are used to
execute the standard call and return procedures. In order to use them, the
registers 2 through 6 must %lroady be set aside for the standard call and,
return procedure . They can be initialized by using the Utility Program
UT21 built-in subroutines, INITI and INIT2. (Refer to Chapter 10). The
operands of CALL consist of the address of the subroutine, followed by any
inline parameters that the programmer wishes to pass. EXIT has no operands.

The second form consists of the word IF followed by a space, a BRANCH
keyword, another space, and the keyword COTO. The BRANCH keywords Indicate
the condition on which a branch is to take place. They are Q, &-, -0, DF,
PZ, GE, EF., EF2, FF3, EF4, NQ, >0, >0, ND?, MINUS. LESS, NEFI, NE P2,
NEF3, and NEF4.

(immediate k.ayword> :: IDLE GOTOINOGOTOISKIP IRETURN
IDISABLEIPOPIPUSHISAVEIGOSTATEICALLIEXIT

(branch keyword> ::,0 QI&-l-OIDFIPZIG.IEFI eV2lEF36F4
INQ I&>OI >OI DV IHI NUS I LESS I NE! IN F'2 INEF3 iNIF.V

(substitution> ::- i <branch keywordOGOTOIkimrndiace keyword>

Examples:
IDLE IDL
GOTO ADD NUNS RR AJD NUMS
IF -0 COTO BEGINNING RZ bfrlGNNINC
IF NEF4 GOTO END BN4 END

GOSTATE RS SEP R5
CALL TYPE, 'HSSAGE' SIPP R4

DC TYPE
DC 'MESSAGE'

PUSH X S1XIj X
POP Y LIA Y

I b
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D-Sequence Instructions. The D-Sequence instruct ions consist of three
parts, the load part, the manipulation part, and the storage part. What
each of these parts corresponds to is listed In T tble VI. Mot all parts
are needed in a statement. Any single part can be preMent or All can be

present. Two ports can also be present, but if mire thmn one part Is

present, the order load, manipulation, and storage part must be maincained.

The load part tells the assembler what should be 'oaded into the

)-register. A register name followed by a .0 or .1 indicates the either
the low- or high-order byte of that register should be loaded into D. A

constant, identifier, or term in parentheses indirates that the value of
that constant, identifier, or term should be loaded Immediately into the

D-register. An @ indicates that the D-register should be loaded from

memory. If a register name follows the @, then the byte pointed to by that

register is used. If no register name is specified, tie register named by

the X register used. If a precedes the register nam it Indicates that

the X-register should be set to point to that register. If memory is

accessed and a ! ends the load part, the contents of tile register used is

incremented. If the @ ends the load part, a comuwnt in parentheses may be

inserted inmediately (without spaces) after the @.

The manipulation part tells the assehLer What is to be done with the

0-register. There are 9 binary operations which ran be performed and 4

unary operations. The binary operations are + (acd), - (subtract), -I
(subtract and negate), +- (add with carry), -" (sabtra.-t with borrow), -+

(subtract and negate with borrow), .AND. (and). .AR. (.,r), and .XOR.

(exclusive or). The manipulation part for the binary toperations consists
of che operator symbol followed withott spaces by the rource of the second

operand. The source can be a memory location, a constj.nt, an identifier,

or a term in parentheses. If a constant, Identifier, or term is used, its

value is immediately used. To use the memory, an @ imredtately follows the

operation symbol. Immediately following the 0 there in a " foLlowed by a

register name. The X-register is set to register name and the register

points to the memory byte that is used. The unary operators are /2 (shift

right), *2 (shift left), /2" (shift right circular) or *2" (shift left

circular).

The storage part tells the assembler what to do with the contents of
the D-register. All stoag•e parts begin with -> (a minus followed by a

greater than). If a register name. followed by .0 or .I follows the arrow

(->), the contents are stored in the low- or hith-order byte of that

register. If an @ follows the arrow, the contents are stored in memory.

If a cegister name follows the (. it points to tho bvt,. In memory where the

D-reglster contents are to be stored. If no regiqter ,,Rme follows the @,

the register specified by the X-register to used. The (0 my be followed by
a - indicating that the contents of the register used .1hould be

decremented. If the - is used, then the register name (if there is one)

must be separated from the - by a ". The X-register i". set to the reXister

name given. If the 0- is the end of the storage part, then a comment
within parentheses may immediately follow the 0-.

- .- , --.--



(load part> ;:- Qj@f!@(rsgIster>j'<ragister>l

I @"<reaieter> @( <character string>) I <regiscer>.O~I <regttr>. 1 <term>

r <object> ::a @j'"<reRisctr>i<term>

<operator> :: 1-D1-11"I.4.I.OR. I.XOR.
<manipulation part) ::& <operator><object>I/21*21/2"1"2"
<stoage part> ::a -><r*XIster>.OI-><relstar>. I I->R(registur>

I~->(4-1->@--<regiiiter> l->$°(<character st ring>)

(D-sequence statement> ::- <load part>Ikaanipulation part>
S<storage part>kload parc><manpulacLon part>
I<load part><storag* parc><kmanipulatLon part><otorage part)
<load part><mmnipulacion part><storage part>

Note that no spaces are aLlowed between the special characters

involved or between the spdciaL characters and iny idea;tifiters or registers
that are used. There is also a limit on toe length of a Level I
scatement. It may be contain no more than thirty-nLne characters.

Examples:
5->R5.0 LDI 5;PLO R5
5 LDI 5
A LI A
FIVE+2->R7.0 LDI FIVE;ADI 2;PLO R7
C'NI->@-"N LDA N;SEX N:STXD
.XOR.CAR RET XAI CAR RET
(FIVE+siR)->rIULITY LDI II:STR UTILITY

Sample Program Illustrating fl-Sequences. Fig. 13 is a repeat of Fig. 12
thefirst sample program written in Level [ assembly. It Illustrates the
use of the D-sequence statements and substitutions.

I !



Tabl! V I,- Leve 1. Substitution* for Leve. I.Mnemonice

IsxaLL

BI IF ePl GOTO
B2 If RF2 COTOO

B3 IF ZF3 GTO
84 IF E'4 GOTO
BDF IF DF COT)

RGE IF GF. COTO
BL IF LESS G(YrO
811 IF MINUS COTO
BNI if NEFI COTO
BN2 IF NEF2 G1rO
BN3 IF NEF3 CrTO
BN4 IF NEF4 G')TO
BNF IF NDJ? cF'O
aNtQ IF N OT')
BNZ IF 4>0 GO'tO

IF >0 CT,)
BPZ IF PZ GOTn
BR GOTO
eQ IFQGOT
BZ IF &.O COTO

IF ,0 GOTO
DIS DISABLE
IDL IDLE
LDXA POP
NBR NOCOTO
RET RETURN
SAV SAVE
SEP COSTAE
SIP SKIP
STXD PUSH
SEP R4 CALL
SEP R5 EXIT

i

(



rblo VI! - D-Slamenee Stateent*

Load Part

LUX H(R(X)))>D
@"N ~~SEX N; LDUX -XM()-

@(COMMENT) LDX .. COiogwT MKX)>
*@N LON N ,(R(N))->D FOR N0>O

N.0 O N (.O>
*N.1 CHI N R(N).I->D

P LDA N M(R(N))->D;R(N)+I->R(N)
CONSTANT LDI CONSTANT A.O(CON1AIIT)->D
@I LOUA M(R(X))->D;R(X)+!-)R(X)

Manipulation Part

+@ADD Dfl(R(X))->DF.D
W.NSEX N;ADI) N->X;D"+(K(X))->DF,D

+CONSTANTr ADI CONSTANT D9C(JNSTANT->DF ,D
4@ SM D-94(R(X))->DFD

-@mSEX N;SK M->X;D-M(R(X))-)DIF,D
-CONSTANT SM! CONSTANT D-CONS'VAIT->DF ,D

-4SD H(R(X))-D-)DF,D

-+CON4STANIT SDI CONSTANT CONSTANT-D->DF *D

ADC D44(f(X))+DF)OVF,D
SEX N;ADC N->X;D444(R(X))+DP">DFD

+'CONSTANT ADC! CONSTANT D#CON.STAUT4DF->DF ,D

SEX N;SMB N->X;D-t(R(X))-NDF)>DF,D
- "CONSTANT SM8I CONSTANT D-CONSTANT-NUV->DV, D

SDB M(f(X))-D-t4OF->DFD
SEX N;SDB N->X;M(R(X))-NDF')OF.D

-+CONSTAN'r SDM! CONSTANT CONTANTD-NDF->DP,D
.AND.0 AND D.ANiD.M(R(X))->D
.AND.@"N SEX N;AND N->X;D.AN.M(R(X))->D
* AND. CONSTANT AN I COINSTANT D. ANLI.CONSTANT->O

.OAOR D.OR.M(R(X))->D
.oR.@-N SeX N;OR N)>X;fl.nR.H(R(X))->D
.OR.C0NSTA4T OR! CONSTANT D.OR.CONSTANT->D
.XOR.@ XOR D.XOR.H(R(X))->D
.X0Ikd@"N SEX N; XOR N->X;D.XOR.M(R(X))->D
.XOR.COWSTANT XM I CONSAN D.XOKt.CONSTANT->

fo1

----------



Table VII (cont'd)

STabl LevSemll

Manipulation Part

/2 SHR SHIFT 0 RTIHT NONCRCIL'AR
t: *2 SHL SHIFTr 0 LlEFT;" NO'NC|RCII.AR

B/2' SIRC SHIFT 0 R'GHT IIRCULAIR
*2- SH.C .SHIFT 0 LEFT CIRCIIIAR

I Storage Part

->N.0 PLO N 0-R(). 0
->N. PHI N D->R(N).I

T->R ;TR N D->M(R(N))
STXD D-)M(R(X));R(X)-I->R(X)

-- SEX N;STX) N->X;I)->H(R(X));R(X)-I-)R(X)
->@-(COMPN.NT) STXD .. CONDgNT D->,(R(X));R(X)-I->R(X)

Note 1: Wherever an N appears, a register may be placed. (R followed
by a hexadecimal digit or a hexadecimal constant leer than ION)

Note 2: Wherever the word constant appears, a constant or valid
identifier may be placed.

Note 3: Wherever an @ appears at the end of a part (not followed by

"N, N, or I), it may be replaced with @ (commnt).
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OWAT ACCEPTANCE REQUIREAMNTS FOR 551-0 12
AND &Mn2-011I HIGH TEMPERATURNE LIN. DETECTORS

DEFINITION

&,%U haanssa mder doom far fbweelas pw iwm *@Welh of U. V. Dtcorn.

PerIWWAP4* velys hrae been defined in ab ompi with "fuwJl or "tiered eol amoe
phikoa.hy WW farmthe fellwin~p apies.

Type I Fatr or roucio tggleLiit

Type2 Rceiingkap ion or Customer Agtkw Limit

Type 3 -mit or untina l AgE ) Lmt

Wsmyre Of MWs -11WM - .Ni ftV

is ny %po a#sawI* two go p. nomI*ere *At* Is exipected to be som diffirence
is e int ... d. Differences wikia th stetedM acuacy of Iraftrttion end thav *A&
ft eaepsable varkns ind up- linse dapmekwby, hinepertetlo and tes techniquems
an doemd as occepable. To saw *Aem eencews Type I limits wed for Foctory

t allowoa vver varianam *a hiee ead for Type 2 11mits by Receiving Iewpelma
wed a Ciu*eme Asepoesee. -hrae tombs am awW u at awwl a 4Now isin we

time to twoe quality audit fek Roy be carried out and perfwnsnoe cerecotslce am
meated for inmolme with vawas of the eovoel umple which are vrnwued ae
appropitoe dafrum oad~tan, pwficulerly with respect to temperauwe. Type 3 lImit
-~ for kfamonal. eccaeiwmm aheasaowistics and eW4W a pw verie~t m 

* Type 2 limits.

The correct accepfance 'olve a*pImabl to the natwo of the toso Is detailed in a
schedul arid Is to be selected far wa a eppropit. Any qpelied if waimea singie
vel ue s int the Nos Is aphlicble to Type 1, 2sa 3 teas.

CMD
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Gbx~UtTEO:. COU441100K. ENGLAND. 40.f

QUAUITY CONTROL DATA SHEET 2 -

TITLE; DRAFT ACCEPTANCE REQUIREMINTS FOR 53521-O12
.41D )3=22-0 I HIGH TEMI RATUIRE U.V. DETECTORSNPs~a- A. U M u II

NOTE

Cam "old be ken not to Pjea pweareml ym to U.V. miltio benm mites an
Test Kit, Defti HMe", or fron "io Solm Law.

I. IDENTIFICATION

Each U.V. domec "I be ives o .Wqo nra num .

2. FREQUENCY Of TEST

The followin g d%&" be mmled WA, a 10% bl @a d efea aImeoim.

3. SEQUENCE OF TESTS

Typo I Tem - Po. 5.2.-
Type 2 Teb - As d.Akmd In Lhes 1eefook

Type 3 Te - Fmo Pi. 3.2.

4. ACTIONS REQUIRED

All &A "Is im1Ibe -a w.id opgot lm euiolawmw orf *a doaactw ammwbly med
doll sAW do do" of i me .

5. TEST DESCRIPTION

5.1. Equipment Required

Teo Kit - Te Ne. 497-129 with ad@" for dam r heed.

Sole Simlw (with 2 Alaris) - Tool No. 67-112

' &nrmic coma wih 1-100 "G. go& time.

Digital VolftmW with I Kv d.G. fw.

CM 17.:
_ _ _ _uKg_
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Trnl:DRAFT ACCE PTANCE REQUIREMNTS FOR 5=12-012

PART.&. neK aik?~ itiinmrs.

5.1.1. Calibration of Test EquIpMent

The U.V. source sholl stisfy the following requirements-

When masud at the front face of the U.V. Detector, irradiance
at wove length 220 nm enid bandwidth less than 10 n shll not be
greater then 3 x 10- 10 wo&C2

Irradiance at any other wavoleftth between 270 tand 3N~ nm of a
bandwidt lees thon 10 non shell not be greater than IV0 watts/cmn2.

A 3' pan fine ot a diskwnce of 4 ft. satisfies this requlreinsn.

The standard test emitters (type 4566-201) mounted an the teso

equipment (Tool No. 69'7-128), shall be colibrated, to give the samn

Note: This ollbr'an Is wdditional to the pre-cheocking calibration
required by tho mes procedure.

5.1.2. Te*t Suno

The fallowksgtsts shall be performed in sequence.

5.2. Sensitivity

The calibrated photocell shell be mounted in the Test Kit, Tool No. 697-128,
e positive terminal in the A+ position. The applied voltage shall be 320V
-5V.

The count rate from the refere co photocell IhllI be used in conj unction wi Ph
Table 1 to compute the radiation falling on the photocell, and the acceptance
value for the detector heed on test.

5.2.1. Sei ivity asa Function of Gas Leakage

The appiled vol tage of the cell on tet ehallI be reduced to - (See 5.6.1
1eWE __ _________

MOD _ - ~ __ -

COWLED~ _ __

CKO __ ______ ______
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DATA

UIATED. COLM4BAOOk ENGLAND. SHUT N& .~a'

QUALMT CONTROL DATA SHEET SU"a4 r w*m
TITLE: DRAFT ACCEPTANCE REQUIREAMINTS, FOR 5352-012

AND 5352-011I HIGH TEMPERATURE U.V. DETECTORS
PART A. UADORY RIIUZM..

5.2.1I. Sensitivity as a Function of Gos Leakage (conod.)

The vol"g to test emitter shall be switched OFF.

After a minlam period of 5 seconds, the test emiter sheall be
switched on.

The cont rate from the detecor an test ukuoll be petr thim
5 suAtes/sec.

5.3. Wor bmrmun..,

With a sPply voitage of 320V t5V appled, the detectoir on tet shall be

2.50 - 0.250 fvo the lWop filter.

The coumS rat "Iel be less than - (See pamo. 5.)

5.4. U.V. Emitter Teom

5.4.1. Law Voltage Oprt!ion

The voltge shell be set to - (See poa. 5. )The emittor shllI
be switched on,. and the discharge of thaw te -r observed to occur
across the noreet Vp of the electrodes, .'-- a period of not less

5.4.2. High VolftVg Opan

The appied voltage shall e set to 320V !5V. The emitter shall
be switched on and the discharge observed to occur' across the
narrowest gp of the electrodes, for a period of not Ions than
30 seconmis.

5.5. Inmulation Test

The insulation between the live pins linked together, and the detector ames
s hall be not leos then 20 meg~hms, of 5W Volts.

CrIA



DATA- UI*TW. COaJ4UOX. IENLAt.,) PaM N&. &

QJAUTY CONTIML DATA siik r H & FS

TiTL: DRAFT ACCEPTANCE REOUIWENTS FOR 5=51-011
AND 5=52-01)I HIGH TEMPERATI*E U.V. DETECTORS
PABY A. mfmm iU

5.6. Schedule of Test Limits

Toot Deftnitian Caomory Value ni

1 280 Volt
.2.2 296.5,( fots

3 2W'r Voltz

5.3. 1 1.2 pus/ue.

2 5 PuoAsemc.

2 5 PuInS/mc.

5...1 290 Volts

2 203 Volts

3 290 Vohst

Iowa

Mae

IssMUE __ _ _

KOOJ__

V t -AM



PART =. 4] LAND. DATA .01 I SHUET ma

GALMl CONTROL DATA SHEE 00 OZr oM

TITLE: DRAFT ACCEPTANCE REQUIREMNTS FOR 5352-012

AND 5352-01 INIGH TEMPERATURE U.V. DETECTORS

TABLE I

CHANNEL B PROKE ACCEPTANCE 1
TEST EMITTER COUNT IATE (PULSE/SEC)

1.4y 66

1.3yv 63
l1.2y 58

I.ly 53

y 46
0.9y 43

o.1.

0.7y 33

0.6y 28

cM, _ _ I __ __-_

CKD-_ _-

APP



V U A RUq 0VI~ nD. S ' HU r I ~4 u , 1 ~H4 J-JIml

DATA

QUALY CONTROL DATA SHEET 7

TITLE: DRAFT ACCEPTANCE REQUIREMENTS FOR 532I-012
AND 53522-011 HIGH TEMPERATURE U.V. DETECTORS
PART & GAVINEN PMFWSID YIWINO PIOOmlL.

I. EQUIP/MNT REQUIRED

Tes Kit - 697-128.
Test Kit to detector head adaptor.
Calibrated photocell
Pulse counter with 100 sec. gate times
Solar Lamp - Tool No. 697-112 nd 2 filters.
D.V.M. with D.C. I KV rnp.

2. SETTING UP PROCEDURE FOR CALIBSATKON

S I and 53 to OFF.
S2 to position B.
S4 to Position 1+
$5 to position 3
S6 to PWtiOR I.
S8 to position OUT.
S7 to position 2.
Connect SW I to pulse counter amd SKT to DVM.

hi Set counter to DC Chorel A.

Set pulse couner to 100 sec. gae.
Set D.V.M. to suitable anip,, (awne tf.m 3'
59 to 2 mS.

3. CAL ISRATION PROCEDURE

Fit calibrated photocell to te kit with positive pin, 'o position A, when 4 on
holder is in B position.
SI to position ON. LPI will illwinote. Allow 5 r tes wrm up time.
D.V.M. to rod 320V !- 5V, S& to position IN.
S3 to position ON, test emitter I will illuminate.
Prm reset button on pulse counter.
At the end of 100 second period, total consts will be ,..splayed. Thes, ,-. in
conjunction with the celibsetien ctfieeteo w- Table I aece tein t"e a'ncpunce
level to be used.
$3 to OFF whmn coues am ilsplayed

'---- -CKIII - - II I 7_y
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TITL: DRFT ACEP ANE1M 90QUIREMNS $FOR "o,10

AND 53522-011 HIGH TEMPERATURE LIN. DETECTORS
PART&. UMV1N PREW= TN0 PW=C=

4. SETTING UP PROCEDURE FOR TESTING

S! I d S3 to OFF.
52 to petition 1-
S4 .#i positio.' b+.
S5 to positoo'l .
S6 to patitiort I.
58 to position CU?.
$7 to poseitionb 2.
S9 to pesition 2 inS.
Adaptor switches to position P/ell and position A.
Connect adaptor to Too, Kit. Connect woms clip to oorthing point an tost kit.
Connect head to be tested to adapor lead. Fit head to test kit with pholocoll in line
with emitter 6. In the co afla dual heed, alg P/Cell A with emnitter.

5. SENSITIVITY TEST

5.1. Single Head, and Channel A of Dual Heed

Si to petiin ON, L.Ptwill ilk"40ee.
D. V. M. to weas! 320V -5V.
58 to position IN.
S3 to ON, test em"te will 1linat.
Proms reset b#.tton on pulse counter. The cowat will be vewed after 100 OMe.
Refer to acceptance level from Poam. 3.
S3 toOFF after coun, bae bee rocorded.

5.2. Chanmnel 8 of Dual Head

Switch on Adaptor to B.
Align phsotocell 3 with test emitter B.
S3 to ON. Emitter 5 will illumlewte.
Preos reast bu~o an pulse counter. The counts will be recorded after 100 so".
Refer to acceptance level from PSm. 3.
S-1 to OFF ofter counts hae been recorded.

CftD

A"- -- -. ~-,-



T DATA

LIMITED. COLN4AOK. ENGOLAND. SKEET N .................
QUALITY CONTROL DATA SHEET

TITLE: DRAFT ACCEPTANCE REQUIREMENTS FOR S32I-012
AND S52.-011 HIGH TEMPERATURE U.V. DETECTORS
PART IL. MAVYia PFhIUmI x3 Yi3siM PROCSIAiakl

6. SENSITIVITY AS A FUNCTION OF GAS LEAKAGCE

6.1. Channel &OualHod)

SO to pootian OUT.
S7 to posltion 4.
D.V.M. to read 280V - 5V.
S8 to IN poation.
$3 to ON postion. Test emitter I will illuminate.
Pes meet b~tto an pulse counter. the counts over a 100 sec. period will be
rec~oved, and mwi be grater then 5 pulses per second (pp.).
$3 to OFF position, tt itter will esitinquish.

6.2. Channel A a Sd $ingle Head

Repo tion head to align channel A with test emitter S.
Switch on adoter to position A.
S3 so ON poWtion, tet emitter S will illuminate.
Am meet button an pulse counte. The counts over a 100 sec. period will be
recorde, and must be greater than 5 p.p.s.
S3 to OFF peition, tet emtter will extinguish.
S& to position OUT.

7. EMITTER CHECK 320V

7.1. Chanrel A (Dual Head) and Single Head

Adopter switch to EMITTER position.

S7 to position 5.
D.V.M. sholl rod 320- 5V.
S to psiton IN.
The emitter an cinnel A will illuminate, and the discharge shall occur ocra
the narrowett gap of the elest di, for a period of not less then 30 ecis.
SO to position OUT.

MOO

COMPIL-

APP _ _



Ll6tTAD. COLN0OOK. ENQLAN. $MEET Me .......................

QUALITY CONTROL DATA SHEET ....e.. . _ "a""
TITLE: DRAFT ACCEPTANCE BEQUIREMENTS FOR 53521-012

AND 53322-011 HIGH TEMPERATURE U.V. DETECTORS
PART IL aAVIN* kIMPOu TvI S kitOCljlma.

7.2. Channel (Dual Head)

Adaptor switch to position S.
S8 to position IN.
The emitter on channel B will Illuminate, and the dichcrge shall occur across
the narrowes gap of the olecrao, f. lwiedof not hmm than 30 "ca.
S8 to position OUT.

8, EMITTER CHECK 280V

8.1. Channel B (Dual Head)

SS to pstion OUT.
S7 to poltion 6.
D.V.M. d"I read 20V - SV.
S to position IN.
The emitter on Channel S will illuminate. The discharge shall oscr Ocross the
narrowest po of the eletrode% for a period of not le than 30 secs.
S8 to position OUT.

8.2. Channel A (Dua head) nd Singl Heed

Switch on Adaptor to position A.
Switch So to position IN.
Tho emitter an Chosnel A will Illumtnate. The discharge *SWll occur sars the
narrowest pP of the electrodes, for a period of not les than 30 secs.
S5 to position OUT.
SI to position OFF, LPI will extlnguish.

9. ME GGER CHECK

S6 to position 2.
Plug a 500V megger into sockets marked megor, ensure that the 'croc' cip on the
yellow flyleed is connected to the mtol case of t head on tes. The meor when
energised shcoid reed mere then 20 megohms.

10. SOLAR

NOTE: Care shoild be taken not to vbject personnel eyes to list emitted by the

MOlD

COUNID - -- _,_

CKD
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DATA
. __MTe_. COU_____ K. __ __. SMUET No .........................

F " QUAUT v CONTROL DATA SHEET I m
JP......."" .o......

TITLE: DRAFT ACCEPTANCE REQUIREMENTS FOR 53521-12
AND 53522-011 HIGH TEMPERATURE U.V. DETECTORS
PART 5 NAVIS PIFAlUU TSVII0 ftOCINJ31L

10. SOLAR (cantd.)

solar lamp. Slide gate on lomp to be closed before switching lamp on.

10.1. Chwwm A (DuaIl Hod) ad S1I.Head

S6 to position I.
So to position CUT.
S7 to position 1.
Adaptor twitch to pwsition A and position PHOTOCELL.
Mount hed to odaptor on solar lamp, with chamnol A feWst sourc.
Turn solar lamp on &-d allow to warm up for 5 mlnutss.
SI to pWtian ON, LP .illuminofts.
D.V.M. to reW 320V - 5V.
PIlce cover over hoed and filters.
Open slide gote an lamtp.
Si to position IN.
Pres rewt Iu%,an an pulse counter.
The caoft over a 100 me. period will be recorded, and m be let -
(See p,.. 5.6.).
Close side gate an lam.
S8 to OUT.

10.2. Chan nl B (Dual Head)

Adaptor switch to poition A.
Move head so that Channel S iBs nere source window.
Place cover ov head and filters.
Open elIde gate an kap.
S8 to position IN.
Pres rowt button on pulse counter.
The c4unts over a 100 sec. period will be rsored, and must be Il thin -
(See por. 5.6.).
Clow slide Wee on kw#.

S8 to OUT.Discnnect head from fixture.

END OF TEST

~AP1F



GhlRLIVAITED0. COLUSOON. ENGLAND. &"ATM .....a-------I-4 .......

QUALITY CONTROL DATA SHEET-nm.I' *'""

TITLE: DRAFT ACCEPTANCE REQUIREMENTS FOR 5=51-012
AND 5=52-01 1 HIGH TEMPERATUIRE U.V. DETECTORS
PART 5. uMAVImw kIAWfnU TMING PaUCIMju.

NOTE. If "h solar lamnp is Mune off, a period of at leaut 30 minuses mmo slaps.
before It Is switclod bm* on.

COPLD

APP- - - -- _ _ __



DATA

SMUT Na Ma OF *HM
QUAUIY CONTrOL DATA SHEET 1 4

~CEMNCEUQUN*KdNTS FOR =13-20 CRW WARNING UNIT
MIRT A.

1. DEFIITON_

03o .iI . =No domsm fw kmabina pinrtvn ftow of Clow
Wob um.

Pmw - vlum hem bow dRind In ommm. withkwW or w I.
ftknm pitimphy hi. f m o ollwing omprI..

TV 2 - Secolvin huwam or Custow Acavm inf

Tne 3 - Qualft o mfl~tonal Aamponce Limnit[.pff mb MW bet m w kr dvoo of

la my m o a t In ka yem IinI ibm. d .to spe be m-
M6fMM 10 eMd FWU. OIff. "0"s do dmd .cow.y of Immhh
md *Am ibm tosemp~l - iM= bimd wmtim ib ft v),i

Typo III kabud fw Faty in ~ielw a =Ww wwoli 9h*A" U.iid fur
Tp 2 IUMN by bm~okq btwok -d Cwsom Apj. Them

Fma#M t tmoqamilty am mob amy be arledo m.* pwfoe

4mmins~an - md for complWom %woj voum~ of dw appmveI =moo v*Ads
Om iMMMM t* "om I e aMKW w a, pmeI.AoIy wilk mect to

t~~ Om~wd Typ 2 liIt%.

The oMU -mp alti "MOO"V""04d to ibm anew* of ibm td Is dom" In 0
ododme W t etsslt for #As~ h m - pvsplos. Any spomifid ft ~o
ShI6gle %vim mim i bme *4f*I WG. to Type 1, 2 md 3 Us.

MO



SMHEET M& ~ *

WJAUWI CONTROL DATA SHEET Im" 21O&O a

ACQIANE UOQUW4NTS FOR M613-M2 CREW WARNING LUT
PART A

2. FREQUENCY OF TEST

The fell..hm db lI be awied *-Aao a kqucy opprsk to dfinition.

Type I All was

Typ 2 It Is vu rn tm all umhs *an eolp*" amid sa.~mqum~y a
dehined Inm proomduras end moheiaes.

Type 3 Them wIll be essyled out as appe pbtv upon:

0) mltgion of prda~n

6) beeeduaIe of e imjor im"edlfa.

C) Cessaio of prdction fhr 6 WO A - or ma"e.I
4) Introduction of new s m, - whib ay -Real production

0) OWN of keapsee.

The wv.s adval be aglemes at imum from come psedualeio mha"l prerrieWl-wspa dm pie~mdim er bow y Type 1 tme.

Ina~fss samin A be as lw

Up tooa production raft of 100 Isom per yw, one ltom is to be selected annually
for mob Anamalke g. For dommuwv smtom oinet is #qbes eloees

3. ACTION REQUIED

3.1. For Type 1 taf oil rmsdsidull be rawo d a"Wmt *a mrW muAdm of eachs
'-re unIt.

For Type 3 tab, an aridged ftI smpert detollif remAts apim Oh serWa
ma~er of each am". umt Is to be malmod.

3.2. For Type I~ Oa " bilmrsde shale reperad to ft Dedip Am~Omity.

For T3 obe omral unit ohm fdIs ay part of *au tam d"I be emnad
_____f a lo of bIwo._ _ __ _ _ _

COMMLED Sh !i I Vs _

cKD -
AM --



I FD"TA

LIMITID. C"4""OO. *"Li."O. IET Ito ........... ...

QUALITY CONTROL DATA HEET
; TITLE: ACCEPTANCE REQUIREMENTS FOR 531113-202 CRW WAWIANG UNIT

PAT A.

3.2.
cant.

An additional unit shll be taken ft lost and dependt an rewits, action will
be taken to resiom *w beech and to me oa nts to Inspection raequie-
Uwns, toot roeAn, , dtis kwce iqwm or daigm stndmw as i
opvplote.

4. TYPE 1. PRODUCTION ACCEPTANCE TESTS

4.1. !gqigenti !MQired for Tess,
iI

I. 0.5 A steslied amlpy vairble fma 16v to 29v DC.

2. 0 to 30v DC dislolW volt gaw (DVhO with mimlhl. input resistance of

3. 0-0.2A DCner.

4. Few 3K6 2% .5w resow.

5. 300v 0C k1MA1n tMOW~.

6. Ohm mer.

4.2. Electrical Connectians

I. Coput +ve of DC pwar *4ppy via an onetor to conAector pin nwme
6.

2. C tmc, *,- of voltmete to +o. of DC power muppy.

J. Connect the -wv of DC power supply to ccme ct pi nmwr 5.

4. Coamuct a 3K6 posIs aiwegmg comector pin nuom 9 and 5.

5. Connect a 3(6 evehow betee cerwnector pin nuobw 10 and 5.

6. Coamect a 3K6 ossiew be cwim tct pin nuwr I I d S.

7. Cermect a 3K6 'm6e betwom connecto pin nmlwr 12 and 5.

MOD

COMMLS - - - -

Cp r. -

- - - -----

F I * 
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UAMTIED. COLMOROOKL EN4GLAND. SHEA NO

QUALMT CONTP40L DATA SHEPT 411?N~A

TITE:ACCEPANC REQUREW4NTS FOR 5313M CREW WARUNING UNIT

PART A.

4.3. Electrical Req4Arements

Not: The 11.1k am givent 0 slmedauinod of low 11011%t, Pam.. ll.0.

4.3.1. ladicar Functional Chmadw

Sol Owe DC wwply to 16w.

4.3.2. CaoiwWci "h +ve of *am supy v'ia m owser to cmmat pin no. 1
"L NG Fffw*,wAglu. The cuavema sm how! be bo-a

-s~ond- . Disomaa.. mr &ow1 b sof**h

g*y. wiedIlef to menew.

A-.3.3. Copswo lim * of elm ms~y via ap wao o QsrA@or pin no. 2.
OLFWA MET FAILO AcwW dww. YVA owevent dw Awoul be
bewe --- " an--d A Dlinelmm -~ ime 2 rw

*A 4V of 00 NVy. INAdMiN to ONO.

4.3.4. Cgg*c jim -M 01 elm aaipy vas mopa to ummcwp pin no. 3.
OR ENG FK IMu dmmd al. The ouaaintwn *ae. dWu be beinen

-- a ..- mA. Dismwsa pi- aw 3 * lm w + @1o

4.3.3. Coiswmc rue +ve a# the aippoy vie am, lwt to owSctor pin no. 4.
*t FO U~T FAIL* should A"u. The caavmW drawn, A.1 be beiwee

----eand - mA. Dismeet pie MA16Wm 4 be& elm +ve
of on m*Y. wi~emk t emew.

4.3.6. Too Switch Functlowe Tme

Connect Aw -"e of the D.V.M. to conimci pin umw~ 12.
Depne-FAIL IND. TfST iitanud W4l. The welto Iloleed
an Olm D.V.M. dwoud be within ----- V to -- V
16 u rnew shy.. dlmul rat MO --- MA. seheume switch.
Voltage to equal wApply'. (Cagen% to drop to Zero.
Diseoeeet DYN from pina 12.

[ -CKD _ __ _



DATA

UPATED, COLNBROOK. ENGLAND. SHEET N.
QUALlY CONTROL DATA SHEET

TITLE:
ACC EPTANCE REQUIBEMENTS FOR S13-2 CRW WARNINO UNIT

PART A.

4.3.7. Cennect *a -re of Ouh D.V.M. to c€nmoesor pin numbr 11.
Dupme *FAIL NO. TEST" swli. and hold. Voltu Indiwted an
D.V.M. drasd be within - V to -- V. The cumien dvoe dWuld
not stad-- mA. 3.1... the switch. Voltage to equal msppi

Ouewnt to .rop to Zero. Dieomwneot DVN from pLa 11.

4.3.8. Cnnowet th -re of the D.V.M. to cnmnoctor pin number 10.
Depro. thi FIUE DET. TST" switch end hold. Volga Indlcated an
the D .V.M smould be wihW---V to -- V. The ciavt draw

Ab ne emced -- mA. Ieses the switch. Voltegeto equal
vppl y. Orom a o drop to Zwo. DImeousemt DVl from
pin 10.

4.3.9. Conwct the -ve of the D.V.M. to connector pin m9 sr 9.
Deprm the FiRE DIET TuST switch and hold. Voltage Indicated an
the D.V.M. shoud be wi*n -- V to - V. The curunt dawn
slAd no maned- mA. 1elme the switch. Vol"to to equal
supply. Ou, eat S drop to Zwo. Dieoomneat DWY from
pin 9.

4.4. Set ta rMpy to v edpe ib of p . 4.3.2. to 4.3.9.

4.5. Crm.e as fa tom pm. 4.6. tush.

1) ise t -+we of 0C suow p lNy frem carevockw pin e-wTar 6.

2) Dio&imO -%e .of M DC poe suply rea cornce pin Swlmr 5.

3) Comi ote + of DC po t ei t pin nuaier 5.

4) Cemmt o -v of DC pow suply to cn pie n w .

5) Connect .we of D.V.M. to 4'w of DC power upply.

6) Set DC vupy to 29v.

4.6. Cnnect-ve of D.V.M. to conector pin 12.
Due.. -FAIL IND. TEST- Switch, voloug on D.V.M. duld not exceed
--- V. DIsaget-ve of D.V.M. hm pin I.

E ISW 

I
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G a RLIM$TED. COLN114009, INGLAND. SHATN ................ ........
4114M. U& U.O UST

QUAUTY CONTROL DATA SHEET 1

TITLE:
ACCEPTANCE REQUIREANTS FOR 53813-202 CRW WARN ING UINIT

PART A.

4.6.1. C or# tvof DVM to cnnector pinnumber 11.
Depres "FAIL IND. TEST' switch. Voltage an DVM should not
exceesd -- V. Disconnect *** of DVM from pin 11.

4.6.2. Connect 4e of DVM to cap- ctar pin number 10.
Dept.s 'FIRE DET. TEST. Voilag an~ DVM sOwld not
exceed -- V. Disconnect 4" of DVM from pin 10.

4.6.3. Coumect +We of DVM to connector pin rnnsr 9.
Dep~e *FIRE DfT. TEST. Voltage an DVM should not
exced -V. Discormset 4ve of DYM from pin 9.

4.7. Connections for p 4.86ls

1) Cme simn bee conneto pin nube 5 ond
pi numbe 14.

4.6S. Control Uit Reoet Switch Tests

4.8.-1. Depres and hold "FAIL WND. TEST" swisch. Resistance an
.1wi should not exced -ohm. Roleas "FAIL IND. TEST*
switch.

4.8.2. Discarvisct load from pin 14 and connect to pin 7. Depess
and hold "FIRE DET. TEST" and AFAIL IND. TEST" switches.
Ressae an olmte droul d not **ceed ---- ohm.
Asms 6FIRE DET. TESTO avd "FAIL IND. TEST"M switchm.

4.8.3. Disconnesct Wod from pin 5and cannict to pin 14. Dspres
and held "FIRE DET. TEST" switch. Resistance an A-ohte
swlid tnt swod -- lmas. Release, 1FIRE OfT. TEST" switch.

4.9. Conemctins frp. 4. 10. Wh~.

1) Rmve~ all connections from cannector.

2) Link oil connector pins topetw.

Issue 1

ROO
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TTEACCERPANCE REQUIWANTS FOR 53B1b202 CREW WARNlING UNJIT

4. 10. Insulation Test

iUing the 500v DX lanlotion tmmw, the resistance wurdan between all
egpjmestor pins mW coo m.4d not be lems than ---- alwa.

5. TYPE 2. CUSTONCR RECEIVING TESTS

Tesh asType 1. Pa.w. 4. 1. to 4.4.

Nes The liait ae govem in *Ae inhodol of teot Ilmdis, par. 8.

6. TYPE 3. QUAL1TY AND FIELD LIhMTS

Note: The lismit are gi'wu is tesclwe.h. of too, lmits Pam, 8.

6. 1. No-Desructive Tasks

The foelewkv 0aft sell be earled owl.

6.2. Room Tewotwe Tests

Type 1 teuftp . 4. 1. ise4. 10. andType I imilsappy.

6.. .1igh T!!Mfatowe T.*N +710C

0lase unit u;Awst lo n air clr."iIng tompaewe 'zha~. Maintain

Cwr'y out tosdofpme - 4.3-2. to.4.3.5. Inciwive of 16v wd29v.

6.4. Low Toneratote Tests -544

UPoiso w~it nw tt in re*ieroted chamber. Mointain toflyeroture of
-340C Far 3 hr,.- Cawy st thaft Wf pwo. 4. J.2. to 4.3.5. inclusive
of l1w and 29v.

6.5. Repeat ro teowenowe tests of pwa. 6.2.

C~O
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DATA
r-_m- - LIMITED. COLNOAOO INGLA-ND. SWEET No . . .S ..

QUALITY CONTROL DATA SHEET . .

TITLE:
ACCEPT,,,1CE REQUI tEWNTS FOi 53113-202 CRW WARNING UNIT

PARtT A.

6.6. Destructive ats.

The following tft sM be carled owt.

6.7. Ran Teperoture Tests

Type I tests pao. 4. 1. t 4. 10. aod Te I limthyppy.

,6.8. High Tenneo rwe Tes +710C

The control unit sholl be subjected to the high tenoyrotwe test
requiremant of ,WL-STD-810C, lMthod 501. I. F'ocelu. I for a
perlod of 48 hours. At the end of thk tkm the functional tests of
par. 4.3.2. to 4.3.5. u.wW be carield out at l6v and 29v.

6.9. '.o Temperture -548C

The cantrol unit sholl be i jected to the low teupu'oture tes
requimrits of MIL-STD-8IOC. Methtd 502. 1. Procedwe I for
a period of49 haus. At the endof this rim the functionol tat of

Ii pam. 4.3.2. te4.3.5. &hmd be carried out at 16v and 29v.

7. 0. Te,!eoture Shock

The control unit saltweet the toeoemoture shock reqluemnts of MIL-STD-810C
Wothwd 5U3, Procedwe , and "Il be uweffected by rapW tronsfe belme theIfollowing Ae oeip s ms

-50*C to +710C.

AFter this test the control unit should not hove sustained any nechanicol donop
wW should me~t the requirenti of paro, 4. 1. to 4. 10. =W roem Ietslurv
limis at 16v and 29v.

7.1. Vibration

The control unit shall tol ew vibration requtrements of MVL-STD-810C,

AMdied 514.2. Pweced IA. The le shel be ibjected to rnom vibration

A"P



T r /' l .--_ u MT9o. CO- NG_: - 9NO-A_ . =..6 .......................... ................

: (I~~UALITY CONTROL DATA SHEET .... ... ..

TITLE :
ACCEMFANCE IMCAUsitIFTS FORl 5M113-202 CREW WARNING UNIT

PART A.

7. I.con.

in each of 3 awtually porpendicular axes. The test "hll be over the ftequaecy
range o 15 - 2000 Hz. of the vibrotion levels and tes Now de.iled in
Fig. 514.2-1 IA and 514.2-2A of MIL-STD-410C.

The unit "tll function a reqmed by ten of parm. 4.3.2. to 4.3.5. dwVng ad
4.1. to4.10. ftter ue.

8. Sch..le of Tesh

PARA, TYPE I TYPE 2 TYPE 3

4.3.2. )
4.3.3. )
4.3.4. ) Iw 62 mA WW 81 OA 59 mA and 84 w^ 59 nA and 87 m
4.3.5. )2%v 93 mAimd I1 UMA 90 IMA aml 115 MA 90 MA oal I)$ IWA

4.3.6. ) 13v t 2.0 1.Ov to 2.2 N/A
4.3.7. ) 16v 9 MA 10 MA N/A
4.3.8. ) 1, 1.3v to 2.0 1 .Ov to 2.2 N/A
4.3.9. ) 16MA 17 N/A

4.6.0. )
4.6.. -0. 3V -. 35v N/A
4.6.2. )
4.6.3. )

4.8.1n.o.025ok 0.025ohm 0 .25 ohm
4.8.2. 0. 0.bom 0.05, ohm 0.50 om
4.8.3. 0.05 dem 0.025 omm 0.025om

4.10. 20 sim 20 m;w ,,m 20 mehm

COIMMLII)
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L.E UP E TRIEDCLM OLEGAD RI pi.....< .. a........

QUIC T CO TRL.AAVHETOH..o

2.CNETINSCE SEIETTNS R58322CEANIGLNI

DC.. Cv. Dm. DMet.

2.4V. 0. mmtAV AV8e~

2.5. 0-30 AVor)l ON m*10.So. C

2. CONNECTN AND' SETINGS1-2wTm~o.

2.7. SN I aM SW2 o OFF

2.8. W3to OS. IO

3. EST PRCDE DMTwkk

3.4. TuCopwsr p PbAVOO E to LIOTwt.a

3.5. C--- newaw Supply to 629.3.3. ok

*1 ~~~~3.4. STr Pb2 t.2y LENG FEO EXIGULED, Lto Light.FAL L

3.6. Sot SW2 to 3, L Et *FIEDTFI T  t U-haREGFR to LIt.

3.3. RMeeCu~# ~--MA. Pwa. 4.3.2.

3.5 NO-wrw - - -wo -4.3.3._
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OUAM.T CONTRL DATA SHEET Smf & IftM

TITLE: ACCEPTANCE REQUIREAMNTS FOR 53813-202 CREW WAXN IlNG UNIT

PART 5. PIRFERRED GRAVINR TEST IqOCEDLU WITH TYPE I LIMITS

3. TEST PROCEDURE (, anW.)

3.8. Set SW2 to 4, R.ENG FIRE' To Extinguis, "R.FIRE DET FAIL' to light.

3.9. Reed current ----mA, Pam. 4.3.5.

3.10. Set SW2 to OFF, 'R .FIRE DET FAIL' to mtlfutvlh.

3.11. Set SWl to 1. Set Avo to 0-1OOmA ronge.

3.12. D~rew ad hed "FAIL IND TEST".

3.13. Read DVM -- Volts and AVO --- mA, Pam. 4.3.6.

3.14. Rlem 'Fall IND TEST".

3.15. Se SWI to 2.

3.16. Degw and hod 'FAIL INO TEST'.

3.17. Red DVM - Vel md AVO - mA, Pm. 4.3.7.

3.1. R *hem"FAIL m TESTr.

3.19. So SWI to 3.

3.20. essmnd oWd "I-FLU DIET TEST.

3.21. Reed DVM - Volts nd AVO ---- mA, Pam. 4.3.8.

3.22. Ro1~ "FIE DiET TEST".

3.23. Set SWI to 4.

3.24. Depress mml hed "FU QT TEST-.

3.25. Rad DVM --- Volts ud AVO --,.--mA, Pam. 4.3.9.

3.26. SoSW Ito OFF.

3.27. Set Powr Suppy to 29v. Set Avo to 0-1A rang.

3.29. Repeat Pm. 3.2. to 3.26. Imelmive.

3.29. Set SW3 to 2.

3.30. Set SWI to 1.

3.31. Depm andoWld "FAIL IND TEST".

COMMLM 91
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LIMITED. COL116NOCIL ENGLANiD. IET r N..................I......

PARTS8. PREFERRED GRAVINER TEST PROCEDURE WITH TYPE I LIMITS

3. TEST PROCEDURE (conid.)

3.32. Read DVM - Volk. Pam 4.6.

3.33. Rela"e "FAIL IND TES7*.

3.34. Set SW I to 2.

3.35. Depress on head -FAIL IND TEST.

3.36. Reed DVM - V.6... Nw.. 4. 6.1.

3.37. Releae OFAIL IND TEST.

3.38. Set 9N I to 3.

3.39. Depress and hed -FIRE DET TEST-.

3.40. Read DVM-- Volk. Pwi.. 4.6.2.

3.41. Releae "FIRE DET TEST.

3.42. See 9N to4.

3.43. Dupies and hold -FIRE DET TEST.

3.44. RaW DVM -Volts. Pm.. 4.6.3.

3.45. Plemm *FIRE DET TEST".

:3.46. Set SW I to OFF.

3.48. Set Pvm Suppy OFF.

3.49. Diecomo~ct Unit fuses Toot Set.

3.50. Coimect o~Mr bto pin numb 5 =W pi m nuw 14.

3.51. Dereuoud hW -FIREDET TEST-.

3.52. Read ehiwa't - *Nos. Pare. 4. 8. 1.

*3.53. Rlea "FIRE DET TEST*.

3.54. Discowonct ahm0n#or lead huom pli nuor 14 =Wd corwwct to pin nww~er 7.

3.55. Depren dhold -FIRE DET TEST- amd "FAIL IND TEST-.

COMPILED ~
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G~a~LIMIEDDATA
QUAUTY CONTROL DATA SHEET 1i'", .

TITLE :
ACCEITANCE REQUIREMENTS FOR 53813-202 CREW WAJING UNIT
PART B. PREFERRED GRAVINU TEST PROCEDURE WITH TYPE I LIMITS

3. TEST PROCEDURE (cenod.)

3.56. Rmdah -- ohm. Pu 4.8.2.

3.57. bPlee TFIRE DET TEST mnd "FAIL INO TEST".

3.58. Disonnect a-hmnow lead kom pin number 5 and conmct to pin numbl 14.

3.59. D"we. and held FAIL "t TES-.

3.60. sod alister - ohm. Pam 4.8.3.

3.61. blome *FAIL 040 T E .

3.62. Diconnect Am wter ke unit.

3.63. Comect unit to Adaph. --

3.64. Connect Mnggr below cam of wlt and lead of oadoet.

3.45. tAbggw kkillm eiaiskon-e to be - mgohm. Para. 4.10.

Mo..

1"U
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QLULTY CONTROL DATA SlEIET 4f

TITLIE: ACCEPTANCE REQUKEMENTS FOR 5U813-202 CREW WARNING UNIT
PART 9. PREFIKED ORAVINER TEST FROCEDURE WITH TYPE 1 LIMITS

3
-o4

6

0

0 0-CASE

AVO

24V 0

ID MA SW20 03

00

____ -Oiq
0-

owv- 1

comp"S
LCaK _ _

OO~~LED~ eel ___



SDATA 
0 ' C C

LIMITED. CO OK. ENGLAND. &AEET No ........ . . ..................

8HEt No. SHUT&
QUALITY CONTROL DATA SHEET / j

TITLE : ACCEPTANCE REQUIRENWNTS FOR U.V.A.F.D.S. CONTROL UNIT

53813-203 (SYSTEM A)

(i) Definition

QSe9 becomes a moster document for function perfomence tesing of Control
Unit 53813-203.

Performance values have been defined in compliance with "finwel or tiered
tolerances" philascoy and form the following categories.

Type I - Factory or Production Accet ance Limits
appropriate at normal ambient tompeotwe cwonitiom.

Type 2 - Receiving Inspection or Customer Acceptance Limits
appropriate at normal amble temperature conditions.

Type 3 - Quality or Functional Acce tmnce Limits
apopriate at and between the declered extremes of
opseting temperatures.

In any repeat of test in two geoagraical areas there is expected to be same
difference in tat remult. Diffeeces within the state d accumacy of
insmenteion and thaee due to acceptable variance. based upon time
dPu dcy, transportation ond Met techniques are declared oc occeptable.
To meet these circumstances Type I limits used for Factory tests allow a
smailer variation than those ued for Type 2 limits by, Receiving Inspectlan
and as Custemar Acceptance. Thsee tests ore carried out et normal ambient
temewrature conditions.

Functional limits at edtremes of operating condi.1ons ore determined and
declared. From time to tinm quality audit tests may be carried out and
performance characteristics are measured for compliance with values of the
approval sample which are measured at appropriate extreme conditions,
particularly with respect to emperature. Type 3 limits cater for functional
acceptance characteristics and allow a greater vriatian than Type 2 limits.

The correct acceptable value applicoble to t nature of the test is detailed
in a schedule and is to be selected for use as appropriote. Any tast where
a single value remains in the teet is applicable to Type 1, 2 ond 3 tesat.

104" A
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Gk ~ LIMITED. CO4MOOR INOLAND. SHEET No ... ............... ......

TITLE: ACCEIPANCE REQUIREMENTS FOR U.V.A.F.D.S. CONIROL01 UNIT

Type 2 It is recomdetatil ui 'n receip'and bqunty s
defined In uso procedurs and schesdules.

Type 3 These will be aerrid out* a ppropriate upon-I Initiation of production.
Introduction of a major modification.
Cemtion of piroduction for three mantis.
Introduction of rww processes which may affect production standard.
Chwange of key operator.

010i Action Required

111(a) For Type I tests oil reult &hall be recorded aganst Serial No. of each

an"ro unit.

For Type 3 tests an abidged heot report detailing reslt obtelned aganst
Serial No. of each control unit is raised.

m1(b) For Type I test any failures sall be reported to the Design Authority.

For Type 3 tests, any Centra Unit that foils any test or part of a test
shel boexamined to locate t" perticular replaceable uArvesinmly
ctAwing the malfunction.

The defectiver sih-a.mmbly shall be replaced to eachof two relacement
si-aeeemnblies, and repoat melting carried out on both items.

Subject to satisfactory results on both repkwaceunt sub-ossembd tee,
the batch of units can be released.

A foilure during re-test on either sub-assembly constitutes a failure
of the whole batch, and rectification/dlesign modification is required

__________ before the botch can be released._____________

ISSUE A

APP4



NOTITED ControlK ENGitD $MEE Noee t......CC..

TI.E EQUIPEN E RUREDQFRESTSFO .AFDS CNRLUI

Cobleformn as per Figure 1.

400 Ha power supply (frequency range 380 Hz to 420 Hz)
(volluip range 102V to 124V)

DC supply 2 a"p (varabe 16 - 30V output)

DC supply 0.5 a"p (variable 3 - 4 volts output)

DC suppl y0. 5 mp (S. 6V)

Gould storao~ oscilloscope 054M0 and 2 x10 probes.

Reoiaea Bridge0

4 IWO 1.dl8.

Counter timer capable of being +ve and -ye edge triggered at 5V levels
resolving to 0. 1 mnS on count range of 100 seas.
e.g. Racal Donm 9901 and 1 x I probe.

Ground support control boxn and cable harness asembl y as per Fig. 2.
Meter and Supply Switching Unit as per Fig. 12.
Head Simulation Unit s per Fig. 3.

Diode 1N4001.

Crew Warning unit part number 53813-202.

Computer Cord Golden River Co. GR6243.

Printer, Digitec. Part Number 6410.
Digital Voltmeter (DC amd 400 Hz ospebllity), used in conjunction with~ insulated
probes.

Pulse select unit as per Fig. 11I (calibrated as per Appe-Wix 2)

CKD
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DATA

Shm.T no. NO. OF 11"ElT8,
QUALITY CONTROL DATA SHEET 4

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT
5313-203 (SYSTEM A)

2. CONNECTIONS

Check that all supplies arm mt to OFF. Connect ontrol unit to supplies and
test equipment as per Fig. 4.

3. INITIAL SETTINGS

3.1. SIA, S2A, S3 A1 Sd o n Motor and Supply Switing Unit to OFF.
All 4 moters switch on Meter and Supply Swithing Unit to A.

3.2. Italmy switch an GSE coMrel uMt to position 6.

3.3. GSE mad switch to iN.

3.4. Daieswtch to A.

3.5. Computer cord boud rate ettings to 30 charecters/imc.

3.6. All heed simulaotlon nit, F) (fir and FA foudt) switches all to off.

3.7. M I ad M2 aet to I amp range AC.

3.8. M3 set to I Amp range DC.

3.9. M4 se to 10 mA rang DC.

3.10. Using DVM set to 20OV AC range switch an AC supplyand set it to
124V 420 Hz ( 0- .5V).

3.11. Using DVM st to 50V DC switch an V, and st it to 29V( tO. IV).

3.12. Using DVM set to 0V DC switch a V2 and set it to 4V( 0. IV).

3.13. Using DVM set to IOV DC range, disconnect positive seod to V3 supply.
Switch on V3 , set it to 5.6V ( - 0.2V). Switch off V3 and reconnect
positive leoad.

3.14. Heed select switch an Pulse $imulotion unit to OFF.

4. TEST PROCEDURE

Notes! 1) Motor M4 should be observed at each test and unhem stated
o0ewvise should read zero current.

2) Limits of all tests are contained in Appendix 1.

Ismw A
NdOW
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___ DATA

LIMTED. COLNINOOM.004 IGLAND. SHEET Me. ....... ......

S. .ET . me. Of .. .1TS
QUAuTY CONTROL DATA SHEET

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT

53813-203 (SYSTEM A)

4. TEST PROCEDURE (contd.)

4.1. Earthing Connectioew

With CCU disconnected, wing resistance bridge, check resistance

between CCU came end pin 15 of A/C plug, resalsoae to be Ien than----

4.2. Prelimirotry Check Out (High Supjly VoltM)

4.2. 1. Connect A/C nd GSE cable for n to CCU os per Fig. 4.
Switch S4 to on. M4 should read less than ..... --mA.

Switch 53 to on. M3 should read Ims th n ------.- mA.

CWU left hand 'FIRE DETECT FAIL' lomp to illuminote.

4.2.2. Set SIA md S2A to on. Note, SIA and S2A should be switched
within I secord of each other. Observe that GSE I LEDS on
side I and side 2 of Groud Support Control Unit (GSE CU)
indicates.

MI to indicate Is then ------- mA.

M2 to indicate les then -------- mA.

M3 to indicate low than ------- mA.

M4 to indicate zero rA.

4.3. Preliminary Check Out

4.3.1. Set GSE CU mode switch to OUT, depress and release reset switch,
obseve that GSE ) LEDS on GSECU Hosh alternately ot a rate of
opproximately 3 per second. GSE 2 LEDS ohould flash alternately
aoprwiimately once every 15 seconds. A

Observe that CWU left hond i-nt i.e. 'L ENG.FIRE' nd 'FIRE
DETECTOR FAIL' lamps are bath extinguished.

CO6MLED P l
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I
DATA

G a LIMITED. COLNSAOO ENGLAND. SHETN .... 2.6-6 .04 ........
IIHIM. I". No OF 86"Erl

QUALITY CONTROL DATA SHEET Ni

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CO14 ROL UNIT

53813-203 (SYSTEM A)
I

4.3.2. Depess 'FIRE DETECT TEST' push button on CWU, 'L ENG FIRE' lamp
to Indicate within approximately one second.

Releae 'FIRE DETECT TEST' push button on CWU, 'L ENG FIRE' lamp
to extingulsh within opllrolmtly am second.

Dcpreus 'FAIL IND. TEST' push button on CWU, left hand FIRE
DETECT FAIL' lamp to show.

BIeleome 'FA IND. TEST' push button on CWU, left hand 'FIRE
DETECT FAIL' lamp to extlngulsh.

4.4. Supply C

MI and M2 to indicoe less than -mA.

Note: Meter needle will fli uste in skmpothy with time share. Observe

M3 to Indicaeow than -- - -- inA.

A4 to lndlite wo.

4.5. Supply Curents - Fire Mode

Depress and hold CWU Fire Test button, when 'L ENG FIRE' lamps show,
observe meter readinp.

MI and M2 should read lew than -------- mA.

M3 should read les than ------- mA.

M4 should read zeo.

Release CWU fire test button.

j 4.6. Preliminary Check Out (Low Supply Voltages)

Set switches SIA/S2A, 53 and S4 to OFF.

Set OSE mode switch on GSECU to IN.

COMIqLID ) -•
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DATA

GhnRUMITED. COOK.01 GLA64ND DA11TN ..... ~ll..

QUAUTY CONTROL DATA SHEET r .
TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT

5313-203 (SYSTEM A)

4.6. Preliminary Check Out (Low SulXy Voltags) (c ntd.)

Repeat 4.2 to 4.5. Inclusive with power supply setting; a follows:-

Using DVM set

AC supply to 102 volts 360 Hz (- 0.5V)

VI supply to 16 volts DC (t 0.2V)

V2 supply to 3 voltsDC ( 0. IV)

Repeat 4.2 to 4.6 inclusively, then set SIA/S2A, S3 and S4 to OFF.

4.7. Regulotion Oeirtian

Note: All DC voltages ore nmaswed with respect to pin 32 of monitoring
points.

4.7.1. Settings (Low Supply) I

Using DVM set

VI to 2S volts DC (t 0.2V)

Sot V2 to 3.6 volts DC (- 0. IV)

Set GSE mai switch on GSECU to IN.

4.7.2. Set switches SIA/S2A, S3 and S4 to ON.

4.7.3. Reguletion at low supply (5.6V rail) side I.

With DVM set at 1OV range DC, check voltage ot pin 12 of
monitoring points. Voltge to be between ....... volts minimum
and -------- vots meMimum.

4.7.4. Reogulotlan at low supply (5.6V oll) side 2.

Repeat 4.7.3. with DVM c wnwctd to pin 16 of mnltoring point.

APP
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TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT
53813-203 (SYSTEM A)

4.7.5. Regulation at low supply (head supply) side 1.

BEWARE OF HIGH VOLTAGE ON THESE TERMINALS.

Set DVMan 500V DC range. Check volt at pin 25of
monitoring point, voltage to be between - -- volt minimum
and ---- vol ts mouimsmn.

4.7.6. Regulation at low supply (heed supply) side 2.

Repat 4.7.5. with DVM connected to pin 39 of monitoring point.

Sot switch"sS lAA/2A, S3 and 54 to OFF.

7 ~4.7.7. Setting (High Supply)

Us~ing DVM set AC suppy to 124V 420 Hz. Repet 4.7.2. to
4.7. Inclusively.

A4. Timing Test,

4.8.1. Settings for Power Up Time D±oy

Wi th Swi tches S IA/S2A, S3 and S4 to OF F set

AC supply to 400 Hz I I5V (I 0.3V).

Set oscilloscope time base to 0.2 sees/cm, ch~annel I and 2 amns.
to 0.2V cn triggering to positive edge channel 1. Set stared
trigge point to I trace.

Set chantnel 1 anid 2 to DCmd.

Set storagea~e ROLL.

Set GSE m-de switch to IN.
Switcho n oscilloscope aind adjust It such that channelI1 trace is at

mid screen and canne 26s cm above bottom of screwn.

CKD- - - - - -
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TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT
53813-203 (SYVSTEM A)

4.8.2. Connections for Power Up Tirm Deay,
Connect CHI to terminal block monitoring point 23.
Connect CII? probe to terminal block tmitoring point 12.

All probe return are connected to pF.n 32 of monmitoring point.

4.8.3. Poe PTn Dly(ie1

4.8.3.1. With oscilbosoope trigger armned switch on systemn power
in the arder S3 and S4, $1A/S2A observe wavoform
a per Fig. 5.
Note. If oscilloscope does not trigger, adjust trigger
level in conjunction with setting S IA, S2A to off,1. re-arming trigger and setting SJA/SiS bock to ON.

Measure time deay betwan rising edge of chmo~el 1 and 2I. as swn In Fig. 5.
Set S lA/S2A, S3and S4 toOFF.

[4.8.3.2. Power up Time Delay (Side 2)

Ropeat 4.8.3. 1. but with Channel I probe connected to
terminal block moonitoring point 41 and C'manl 2 probe

connected to monitoring point 10.
Remcove oscilloscope probes fromn monitoring point.

C 4.8.4. Sowtngp for Tim Shore Timng
Switch an timer counter.

Set GSE moeswitch to OUT.
Set timer for positive edge start, poitive edge stop such~ owt
500 #mS can be nmeesued.

4.8.5. Connections for Time Share Timing
Connect timter probe to monitoring point pin 23.
Probe return connected to moitoring point pin 32.

COMPILED FS
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L OLNOO$ T .......

QUAUTY CONTROL DATA SHEET oo smrs

TITLE:
ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT U
53813-203 (SYSTEM A)

4.8.6. Side I Time Shore

4.8.6. 1. Set SIA/S2A, S3 and S4 to ON.
System to function as per 4.3. 1.

4.8.6.2. Observe period of timer, time to be biwen .---- se.
minimum and -------- sec moximum.

4.8.6.3. Re-select for negative edge stop ond rod timer.
Time to be -------- scs. minimnm and -------- sec.

ea|imum.

4.8.7. Side 2 Time Share

Repeat 4.8.6. with timer probe connected to monitoring point 41.

4.8.8. Connect'ons and settings for Self Teat Timer

Connect timer proe to monitoring point pin 3.
Select timer for positive edge start, positive edge stop. Select
timer ange to cover a 20 second period.

4.8.9. Side I Self Test Timing (Period)

Oberve period of timer, time to be between -------- s".
minimum and ..... secs. maxilmum.

4.8.10. Side I Self Tost Timing (Duation)

Reselect timer for paitive edge start, negative edge stop and
observe period of timer, lime to be between-------- ses.mininm and-------- secs. maximum.

4.8.11. Side 2 Self Test Timing

Repeat 4.8.8. to 4.8. 10. bot with timer probe connected to
monitoring point pin 6.
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4.8.11. Side 2 Self Test Timning (cantd.)

Remove timer probe from monitoring polnt.

4.9. Ground Support Voltage Lines

Note. All DC voltages ore monitard w'th respect to pin 32 of
mnitoing point.

4.9.1. Settlng

With power on from previou test, GSE mode switch on GSECU to IN.
Deprew and release rest button on GSECU.
Observe Omt GSEI LEDS on side I and 2 light.

4.9.2. System Definition Connection

With DVM set on 10V DC mnge, check voltage at pin 27 of
monitoring points, voltage to be btween -------- volts minimum
and ---- volts maeimem.

4.9.3. battery Monitoring Point

With DVM set to IOV range check voltge at pin 37 of monitoring
Fpint, voltage to be between -------- volts minimum and
...... volts mmieM.

4.9.4. .115V Feeds to GSE Side 1)

BEWARE Of HIGH VOLTAGE ON'THESE TERMINALS.

Set DVM to 200V AC range and connect probes to pins 10 and I I
of monitoring point.

Obserwe DVM reading between -------- volts mimum and
--------- volts minimum. Set S2A to OFF and observe that DVM
volotoge does not change.
Return S2A to ON.

Iowa_ A_ 
_ _ _
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53813-203 (SYSTEM A)

4.9.5. 1 15V Feeds to OSE (Side 2)

BEWARE OF HIGH VOLTAGE ON THESE TERMINALS

Set DVM to 200V AC r an d connect probes to pine 19 and 20
of moonitoring points.

obesee DVM reading, vohog to be
betweeon-------- volts maximurn and -------- volt minimum.
Set SIA to OFF and observe that DVM -oitage does not change.
Return SIA to ON.

4. 10. Check Point Monitoring

4.10.1. Setting& and Connections

Set GSE mode switch to OUT on GSECUI.
Depress, and release roset switch an GSECU.
Set DVM to 50 volt range DC.
Connect DVM positive to pin 28 and negative to pin 32 of

monitoring point.
4.10.2. Check Point 1

DVM reading to be zero.

Depress 'FIRE DETECT TEST' pus" button, 'LEFT ENG. FIRE'
lamp to indicae., DVM reading to be between ---- vot
minimum and ;--- ---- volts maximum.
RWoese 'FIRE DETECT TEST' pushi button.

4.10.3. Check Point 2j

Repeat 4.10.2. with DVM positive connoectod to pin 29 of

monitoring points.

4.10.4. Check Point 3

Connect DVM to pin 35 of monitoring points.
DVM reading to be zero volts.

COMPID
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4.10.4. Check Point 3 (ontd.)

Depress 'FAIL IND. TEST' push button, left 'FIRE DETECT FAIL'
indiction to show.
Observe DVM reading, voltage to be between volts
minimum ond ------- volts mw=imum.

'.5. Check Point 4

Repeat 4.10.4. with DVM connected to pin 36 of monitoring point.

4. 11. Ground Suport Controlled Tests

4.11. 1. RAM Test and Reset

Set GSE Mode switch on GSECU to IN.
Depress and release reset switch on GSECU.
Observe *at side 1 end side 2 GSE1 LEDS on GSECU light.

4.11.2. Common Logic "fest (Functional)

Select position 4 on rotary switch, depres and release reet button.
Observe that GSEI and 2 LEDS on GSECU Rash on "nd off in the
following sequence:

GSE 2 side I (ON-OFF), GSEI side I (ON), GSE2 side 1 (ON).

GSE2 side 2 (ON-OFF), GSEI side 2 (ON), GSE2 side 2 (ON).

Repeat depression and release of rest button, oberve that
'L ENG.FIRE' and left hand 'FIRE DETECT FAIL' lamp do not Rash
on during the period that GSE LEDS at* active.
Set SIA/S2A, S3 a S4 to OFF.

4.11.3. Common Logic Test (Timing)

4.)1.3. 1. Coectom and Settings

Set oscilloscope channels I and 2 amps to 0.2V/cm.

IsmU A_
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QUALI1.T.Y CCOnetRon aATA SHEET n (cont.).O I

Set trigge to CHI (Positive edge).

Set display made to ROLL.

Settlme bmeto0. 1 sea/an.

Set "wo ad" trigger point to jtus

Connect chenriel I probe to pin 23 of monitoring point.

Connect channel 2 probe to pin 3 of monitoring point.

Connect probe return line to pin 32 of monitoring point.

4.11i.3.2. Side I Timing of Convron Logic Test

SetSIA/S2A, S3 wd S4 to ON.
Depress end hold reset button on GSECU.
Arm oscilloscope trigger end release rest button 2
seconsi Iaear.

Waveform to be as Fig. 6.

Note. If oscilloscope does not trigger odjust trigger level
In conjunction with depressions of GSECU resot switch and
rearming of oscilloscope trigger.

Take meosurenments, of tI ond Q2.
Set SIA/S2&g S3an S4 to OFF.

4.11.3.3. Side 2 Timing of Common Logic Teom

Coi ...ect cimannel 1 probe to pin 41 of monitoring point.

Connect channel 2 probe to pin 6 of monitoring point.

Repeat 4. 11. 3.2.

4.11.3.4. Inter Channel Timing (Connections)

Connect channe 1 probe to pin 23 of monitoring point.

NOW
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4.11.3.4 Interchannel Timing (Cgonnections) (Contd.)
Connct hannl 2probe to pin 41 of monitoring point.

Set tim base to 0.5 secs/sm. Set stored tigme. paint to ksoais.

4.11.3.5 hoorchannel Timina
!et SIAS2A, S3 and S4 to ON. Arm oscilloscope trigger.
Depress and hold reset button on GSECU for 5 sacoral.
Relese reset button an GSECU.
Wayefor,. to be as Fig.7. take rnaroent t.
Rem&4e oscalloscope probes.

4. 11.4. Bck ?!!ed oqrnwma Test
Select position 5 on GSkCU rotary switch.
Depress ond release reset button.
After 5 scm no LEDS to show on GSECU.

4.11.5. IdoPormt Test.
Select position C *nGSECU rotary switch.
Depress mW id eese reset button.
Olmserve thot so&e I aid sade 2 GSE1 and 2 LEDS on GSECU show.

4.11 .6. Data Retention Test.
Set S4 to OFF. Select position 2 on GSECLJ rotary switch.
Depress and release rest button.
Observe that side I and side 2 OSEI LEDS on GSECU light-
Select position 3 on GSECU rotary switch, depress nd releas reseit
otitmi).

Observe that side 1 and side 2 GSEI and GSE2 LEDS on GSECU light.
Reselect peo~ion 2 on GSECU rotary switch, depress and release reset
button.
Observe that Sids, 1 h 2 and 0331 WWD's an GI3= light%.
Set SIA/S2Aand 3 to Of. Wt 30 soeoal.
Select position 3 on GSECU rotary switch.
Set S1A/S2A and $3 to ON.
Observe thaet only side 1 arnd 2 GSE 1 LED$ on GSECU Light.
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4.11.6. Data Retention Test (contd.)

Reselect position 2 on GSECU rotary switch.
Sot S4 to ON.

Depress and r~lease reset button an GSECU. Observe ftat only side I
and side 2 GSE1 LEDS on GSECU light.
Set SIA/S2A and S3 to OFF. Wait 30 seconds.

Select position 3 on GSECU rotary switch. M4 to read less than
--------- mAmaximum.
Set S IA/S2A and S3 to ON. Observe that side I and 2 GSE I and
OSE 2 LEDS on GSECU light.

4.11.7. Data Readout Test

4.11.7. 1. Side I Test

Switch on V3 (supply to conputer card).
Switch an maeins power to printer.

Select position 2 an GSECU roftry switch.

Depress and release reset switch an GSECU.

Observe that side 1 and side 2 GSEI LEDS on GSECU light.

Select position I on GSECU rotary switch.
Depress and hold reset switch an GSECU.
Depress and release 55.

Obsrve that printer prints - .-- -

Release reset switch on GSECU.

Printer should print as Fig. 8.

When printer stops oixerve that OSERI LEDS (side I and 2)
an GSECU light.

4.11.7.2. Side 2 Test

Repeat 4.11.7. 1. test but with G SECU data switch set toa8
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4.12. System Functional Tests

All fire and fault indications refer to 'L ENG.FIR&' and left hand 'FIRE
DETECT FAIL' lampsw on CWU.

Note: Theme tests are carried out using the head sImulation unit referre
tor os SIMU.'

All references to side i fault and fore switches refer to System A side 1.

System 8 fault and fire switches are not used.

4.12. 1. Initialiso for Functional Tests

With~ system still powered from previous tests, select position 6 on
rotery switch of GSECU.

Set GSE moeswitch to OUT.

Depress and release reset switch on GSECU. Observe that system
functionswas per 4.3. 1.

4.12.2. Chckfo N Faulty Hooed Drive Circuits

Set all side I fire switches to ON. CWU fire lamp suld remain off.

Set all side I fire switches to OFF. Set oll side 2 fire switches to on.
CWU fire lamp shovild remain OFF.

Set .il side 2 fire switches to OFF.

4.12.3. 'ANOED' Head Operation

Sot heds 5, 6 and 7 faWt switches, sides I and 2 on HSIMU to ON.
Thene to remnain on for all subsequent functional tests of pa. 4.12.

Note: Switch positions 0 - OFF I -ON.

Carry owt ANDED TESTS according to sequence as follows, and
obowe CWU fire lamp sstus as show.

esa~ 2Z A-_
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4.12.3. 'ANDED' Hea Opemtion (contd.)

SIDE 1 SIDE 2 CWUHEAD FIRE SWITCHES HEAD FIRE SWITCHES FIRE LAMP

8 4 3 2 1 8 4. 3 2 1

1) 0.0 O~j 01010 0 0 
01 0 0 10 1 10 01 010 0 0

:0 0 0,01 0 0o I 1
0000.0 00001 1
I00. 0100; 0 0I1 0 0 0

2) 0 ; 010 1 0 000 0 0

0 0 0

3) 1i i I '0 0
' i Ii

4) 1 0
0 1 1
0
0 0T- 1
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4.12.3. (Cont.)

SIDE 1 SIDE 2 CWU
HEAD FIRE SWITCHES HEAD FIRE SWITCHES FIRE LAMP

___ - . j - -. -

a 4 3 21 1 8 4 3 2 1

12) 1 I 0

13) 1 1 0

15) I 0 J

16) - 1 o

17) 1 I 0

18) I I u

19) 1 1 0

20) 110

21) 1 1 0

22) T o oo 0 0 0 0 0 0

Note: All unmarked positions ae aoumd to be '0'

4.12.4. 'ORED' Hood Operation Side I

4. 12.4.1. Set oiI side 2 head fault switoes to ON.

Depre, and release GSECU reset switch and observe
that CWU fault indication does not light after the first
ocurrence of GSE2 (side 1 and 2) LEDS flashing on
GSECU.

MOO
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4.12.4.2. Set side I head I flreawitoh to ON.

Fire indication on CWU to show.

Set side I head I fire switch to OFF.

Fire indication an CWU to extinguish.

4.12.4.3. Repeat 4.12.2.2. for heads 2, 3, 4oad l.

4.12.4.4.Retwntide 2 fault switches 1, 2, 3, 4and 8 to OFF.

4.12.5. 'ORED' Heed Operation Side 2

4.12.S.1. Set all side I fault switches to ON.

Depres and release GSECU reset switch, observe that
CWU eult indication doe not light after the first
oicurrene of GS12 (side I and 2) LEDS flashing an
GSECU.

4.12.5.2. Set side 2 head I fire switch to ON.

Fire indication an CWU to show.
Set side 2 head I fire switch to OFF.

Fire indication on CWU to extinguish.

4.12.5.3. Repeat 4.12.5.2. for heads 2, 3, 4 and 8.

4.12.5.4. Retum side I Weit switches 1, 2, 3, 4and8 to OFF.

4.12.6. Foiled Heads

Set side I and side 2 heeds 1, 3 and 4 fault switches on H SIMU
to ON.

Observe that left hand FIRE DETECT FAIL' lamp does not light at
next occurrence of GSEI (side I and 2) LEDS fleshing an GSECU.

Set side I and 2 heads 1, 3 a"d 4 fault switches on HSIMU to OFF.
____ side 1 6 2 d. & 2 h 8 amul ovtaobeu on 131111 to 01.

MOO
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4.12.6. Failed Heeds (contd.)

Observe that left hand 'FIRE DETECT FAIL' lamp does not light ot
next occurrence of GSE2 (side I and sid. 2). LEDS flaciving on
GSECU.

4.12.7.

4.12.7.1. He"d I and 2 odjocency Set

Set Jil sde I and 2 fire and fault switcheis to OFF.

4.12.7.2. Set GSE md switch on GSECU to IN.

Depre and release rest button.
Leh hand 'FIRE DETECT FAIL' lamp to be OFF.
Obsrve tOwt side I and side 2 OSE I LEDS on GSECU

See heed I and 2 faue switches an side I nd side 2
toON.

Set GSE mode switch an GSECU to OUT.

Deprue and release reset button.

Left hand CWU 'FIRE DETECT FAIL' lamp should light
Immediately after Ohe first occurrence of GSE2 (side I
and 2) LEDS flashing on GSECU.

Set head I and 2 foult switches on side I and side 2 to
OFF.

After the occurrence of the next flashing iequence of
GSE 2 LEDS (occurring approximately once every IS
seconds) observe that left hand 'FIRE DETECT FAIL' Ioamp
do not extinguish.

MOO
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4.12.7.3. Heads 2 ond 3 Adjacency Set

Repete 4.12.7.2. using heads 2 and 3 fault switches.

4.12.7.4. Heeds 4 and 8 Adjacency

Repeat 4.12.7.2. using head 4 and 8 fault switches.

4.12.7.5. Set GSE mode switch to IN. Depress and release reet
switch.
Observe that GSEI LEDS an side I and side 2 of GSICU
light.
'FIRE DETECT FAIL' Imp on CWU to be extinguished.

4.12.8. Sensitivity and Short Circuit Head Ogrotion

4.12.0.S .Set Upfor Side 1 Heads

Set oil sde I fault switches to OFF.
Set all side 2 Ws.lt switches to ON.

Set side I and 2 fire switches to OFF.

Set SIDE SELECT on pulse select unit (PSU) to side IA.
Set HEAD SELECT switch on PSU to hed I.

Set PULSE SELECT switch an PSU to 0.

Set GSE mode switch an GSECU t OUT.
ADeprem and release reset switch on GSECU.

Observe that system functions as per 4.3. 1.

4.12.8.2. Fire Set (Heoa 1, Side 1)

Note- Allow 2 seconds at each switch poition before
observing result on CWU.

Set PULSE SELECT switch on PSU to I.

Observe that fire indication on CWU is not it.

Ase
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4.12.8.2. Fire Set (Head I, Side 1) (contd.)

Set PULSE SELECT Switch ot PSU to 2.

Observe that fire indication on CWU is not iit.
Set PULSE SELECT siwtch on PSU to 3.

Observe that fire indication on CWU is not lit.

Set PULSE SELECT switch on PSU to 4.

Observe that fire indication on CWU is lit.

4.12.8.3. Short circuit (Head 1, Side 1)

Depress and hold short circuit button on sensitivity test
unit.

Observe that fire indication on CWU extinguishes.

Release short circuit button on PSU.

Observe that fire indication on CWU re-lights.

4.12.5.4. Fire Reset (Hed 1, Side 1)

Set PULSE SELECT switch on PSU to 3.

Observe thOt fire Indication an CWU remains lit.

Set PULSE SELECT switch on PSU to 2.

Observe that fire indication on CWU remmins lit.

Set PULSE SELECT switch on PSU to I.

Observe that fire indication on CWU extinguishes.

Return PULSE SELECT switch on PSU to 0.Oberve that fire Indication an CWU remains extinguished,

4.12.8.5. Sensitivity and Short Circuit Heed Operation(Side 1, mod Y,3 t n
,_3.4 d8

Repeat 4.12.8.2. to 4.12.8.4. for heads 2, 3, 4and 8
.... _by selecting required head on HEAD SELECT switch n PSL.
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4.12.8.6. Set Up for Side 2 Heads

Set all side 2 fault switches to OFF.
Set all side I foult switches to ON.

t Set SIDE SELECT on PSU to side 2A.
Set HEAD SELECT on PSU to hod 1.

Set PULSE SELECT on ISU to 0.

4.12.8.7. Fire St (Heod 1, Side 2)

Repeat 4.12.8.2.

4.12.8.8. Short Circuit (Head 1, Side 2)

Repeat 4.12.8.3.

4.12.8.9.Fire Reset (Head 1, Sidi 2)

Repeat 4.12.8.4.

4.12.8. 10. Sensitivity and Short Circuit Heod Ofation
Side 2, Heads 2,3,4, and 8)

Repeat 4.12.8.2. to 4.12.8.4. for heads2, 3,4and 8
by selecting required hed on HEAD SELECT switch on
PSU.

4.12.8.11. Retum HEAD SELECT switch an PSU to OFF.

4.12.9. 115V Power Failure

4.12.9.1. See all side I and side 2 heod FIRE AND FAULT switches
to OFF. Depress and release reset switch an GSECU.

Observe that system is functional as per paras. 4.3. 1.
and 4.3.2.

AP-- __ j
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4.12.9.2. Side I Power Failure

Set SIA to OFF.

Observe that GSE 1 and 2, side 1 LEDS on GSECU
extinguish.

GSE 1 and 2, side 2 LEDS continue to flash as per
4.3.1.

Carry out functional test as per 4.3.2.

Set side 2, head 1 fire switch to ON.

Observe that CWU fire lamp is lit.

Set side 2, head I fire switch to OFF.

Observe that CWU fire lamp extinguishes.

Set SIA to ON.

Side 2, GSE 1 and 2 LEDS to continue flashing as
per 4.3. 1.

Side 1, GSE 2 LED to show continuous.

4.12.9.3. Set Lip for Side 2 Power Failure

Set GSE mode switch on GSECU to IN.

Depress and release reset switch.

Observe that both side 1 and side 2 OSE I LIDS ON
GSECU light.

Set GSE mode switch on GSECU to OUT.

Depress anid release reset switch.

Observe that system opesrates as, per 4.3. 1.

4.12.9.4. Side 2 Power Failure

Set S2A to OFF.

Observe that GSE I and 2 Side 2 LEDS on GSECU

C- 2- - 4_
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4.12.9.4. Side 2 Power Failure (contd.)

extinguish.

GSE I and 2, side 1 LEDS continue to flash as per
4.3.1.

Carry out functional test as per 4.3.2.

Set side I head I fire switch to ON.

Observe that CWU fire lamp is lit.
Nt s1de I head 1 fire switch to OFF.
WU fit* lam to extinguish.

Sot S2A to OA.

Side I GSE I and GSE 2 LEOS to continue Blashing as
per 4.3.1.

Side 2 GSE 2 LED to show continuous.

Set SIA/S2A, S3 and S4 to OFF.

4.12. 10. to Fire

4.12. 10. 1. Settin ,ond Connections

Set Channel I and Channel 2 amplifiers on
oscilloscopes to 20V/cnm.
Connect Channel I oscillosew. probe to &We I
ED terminal of HSIMU, and Channel 2 oscilloscope
probe to side 2 ED terminal of HSIMU.

Connect probe return lines to pin 32 of monitoring
point.

Connect pin 28 of monitoring point to external trigger
input of oscilloscop, wing a XI probe.

Set scilloazope trigger mode to EXT. (positive edg).

$et trigger point at end of trace ensuring that end
traec coincides with end of trace graticule.

Set time baneto 0.2 scs/cm.
lUes A
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4.12.10. 1. Settinip and Conections (contd.)

Set SIA/S2A, S3 and S4 to ON. Observe that
system functions as per 4.3. 1.

4.12.10.2. !!!22! to Fire I St)

Notei To ensure correct results this test should be

carried out about 3 seconri after GSE 2 LEDS
on GSECU on both sides I and 2 hove flashed.

With oscilloscope trigger armed, depress and hold
'FIRE DETECT TEST' on CWU.

Note: If oscilloscope does not trigger, adjust trigger
level in conjunction with repeat depresions

of 'FIRE DETECT TEST' p-%hbutton and re-
arming of trigger.

Woveform should be of the fonm of Fig. 9.
Me e fire "t time t.

~4.12.10.3. Regxe to Fire (Reset)

Note- To evsre correct results this test should be

carried out about 3 secon& after GSE2 LEDS
on GSIECU a both sides I and 2 have flashod.

Select ewgative edge EXT trigger.

Re-orm oscilloscope trigger.

Reloee 'FIRE DETECT TEST' switch on CWU.

Observe oscilloscope wovefarm, trace to be of the
form as Fig. 10.

Measure fir rmt time t.

4.12.10.4. Switch Off

Se SIA, S2A, 3 and 4 to OFF. Remove oscillos.ope
ar~ges, Switch off all power s4mlies.END OF TEST.

law& A 
_______

Moe

COMPILE

CKD 16_____ _____

APP

_____ _____________________



DATALIMITED. COLNIBROOO. ENGLAND. SHEET No .......... ............

SHEET.",. No. O shafrs

QUALITY CONTROL DATA SHEET .. I, ..

TITLE ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT

53813-203 (SYSTEM A)

SCHEDULE OF TESTS APPENDIX I

Test
Definition Category Parameter Values Units

4.1. 1 0.2 max
2 0.25 mx ohum

3 0.h3 max
Values at AC Suppy a Values at AC Supply
124V420HzVI . 29V 102V 380 Hz V 16V

V2 - 4V V2 = 3V

MI M2 M3 M4 MI M2 M3 M4

1 - - 140 1.25 - - 100 1.1
4.2.1. 2 - - 148 1.45 - - 106 1.3 mA

3 - - 160 1.65 - - 115 1.55 Mn.

1 140 140 85 0 115 115 45 0
4.2.2. 2 150 150 89 0 123 123 47 0 mA

3 165 165 97 0 135 135 52 0 Maix.

1 121 121 75 0 100 100 42 0
4.4. 2 129 129 80 0 107 107 45 0 mA

3 142 142 86 0 117 117 48 0 Me".

1 146 146 270 0 118 118 176 04.5. 2 156 156 280 0 126 126 185 0 mA

3 171 171 295 0 138 138 198 0 Max.

Vo@lu of AC Su = Values at AC Suppy
102V124V 0 Hz12040

1 5.7t0.45 .. 7 + 0.45
4.73 2 5.7 t 0.5 5.710.5 Vot
4.74 3 5.7 t 0.65 5.7 0.65

3221 322 10
4.76 2 322 - 322 -12 Volts
4.76 3 322 +t 322- 17

'4.
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QUALITY CONTROL DATA SMEET SHEET. N. "Me. OF SHEETS

TITLE : ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT

53813-203 (SYSTEM A)

SCHEDULE OF TESTS (cntd.) APPENDIX I

Test
Definition Category Paraoeter Values Units

I 0.63 0.42

4.8.3.1. 2 0.63( 3eom.e

4.8.3.2. 3 0.63 0:_

Side I Side 2

I 337- 17 337- 17++

4.8.6.2. 2 337.20 337-20337-23 337- 23

1 168-9 i +-9
4.8.6.3. 2 168- 11 168- 11 mS

31668-13 1606!13

1 14.8 0.74 14.8 t 0.74
4.8.9. 2 14 . 0.88 14 . 8 t 0 .8 8 seod

3 14 .8 It.03  14 .8 - !.O 3

I 168+-9 16 8 t 9
4.8.10. 2 168- 1 168 11 mS

3 161+ 13 168 13

1 5.71 0.45
4.9.2. 2 5.7- 0.5 Volts

3 5.7 -0.65

I 5.1t0.6
4.9.3. 2 5.1 t 0. 68  Volt

3 5.1 t0.95
I 114.9.f 0.6

4.9.4. 2 114.9-0.7 Volts

MOO

COM,LED Ps
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DATA_- LIMITED. COLNS OOK. I,,, o . E o ...... . ............ 

....... .. .. E... . E.. . .....

TITLE : ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT
53813-203 (SYSTEM A)

SCHEDULE OF TESTS (contd.) APPENDIX I

Test
D~ieniftio. Catsgory Parameter Value Units

4.10.2. 1 27.5 t 0.7
4.10.3. 2 27.4.t 0.9 Volt;
4.10.4. 3 27.2 t 1.2
4.10.5.

tl t2

I 0 -39 U. 0..5 1*uu;

4.11.3.2. 2 0.W + 0. U40 U. + O.f
4.11.3.3. 3 0., . 0.050 0. 39 0. WW

I 1.9 ± 0.5
4.11.3.5. 2 1.9 ± 0.6 seumb

3 1.9 ! 0.8

1 1.2 ma
4.11.6. 2 1. 35 max mA

3 1.6 mox

1 )
4.11.7.1. 2 ) GRUTIL V.4.

3)
I 1.150.1

4.12.10.2 2 1. 5 + 0. 12 seamd
3 1.15-0.15

4.12.10.3 2 0,6+ 0.u0 mcomb
3 +

COMPILD
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QUAUTY CONTROL DATA SHEET vhST.N. T .OF imeETS

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V A.F.QS.

CONTROL UNIT (53813-203 SYSTEM A)

APPENDIX 2
CALIBRATION OF PULSE SIMULATION BOX

1.0. EQUIPMENT REQUIRED FOR TESTS

26V D.C. SUPPLY (0"S AMP.).

2 x OSCILLISCOPE PROBES (x10)
STORAGE OSCILLISCOPE (GOULD Os 000 OR SIMILAR)
PULSE SIMULATION BOX

KORMALLY OPEN BIAS SWITCH

2,0. CONNECTIONS
CONNECT AS PER FiG,A

1SWI

2V 2 *OSCILLOSCOPE
PULSE CHANNEL .

SELECTE "6

NUM
ov ~~ ONT aSCILLOSCOPE

COMMON

3J1 PULSE CHARACTERISTIC5

3.1. SETTINGS

SET 28V O.C.SUPP-LY TO 2BV
SET CHANNEL I Y AMP TO IV/ cr.
SET CHANNEL 2 Y AMP TO 2v cm.
SET TRIGGER TO CHANNEL 1 NEGATIVE EDGE.
SET*STORED TRIGGER POINT" TO Iis SCALE.
SET TIME BASE TO 0-1 mS /cM.

SET PULSE SIMULATION BOX PULSE SELECT SWITCH TO I..
SET OSCILLOSCOPE STORAGE MODE TO ROLL.
SWITCH ON OSC'LLOSCOPE.
SET CHANNEL I TRACE TO BE AT MID SCREEN.
SET CHANNEL 2 TRACE TO BE I cm ABOVE BOTTOM OF SCREEN.

_ _u__ A
MOO

COMLED p $.
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"L."J~lq A.. slll IDATA

LIMITED. COLNSROOK. ENGLAND. S EET Pie ....... 0.53.09 .........................

QUALITY CONTROL DATA SHEET I ...,

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V. A.QS.

CONTROL UNIT (53813-203 SYSTEM A)

3. 2. PULSE CHARACTERISTICS MEASUREMENT
SWITCH ON 26V SUPPLY. ARM OSCILLOSCOPE TRIGGER. REPEAT DEPRESSION
ANO RELEASE OF 1IAS SWITCH SWI WHILST ADJUSTING TRIGGER LEVEL
UNTIL WAVE FORM OF FIG. 8 IS OBSERVED. NOTE OSCILLOSCOPE SHOULD BE
RE-ARMEO AFTER EACH SWITCH DEPRESSION.

30V VI MAX.: tov
V, il :2V

20V V2 MAX.: 30V

V2 V2 MIN. : 26V
t1 MAX.: 300ukS

'o ti MIN.z S0iS

0V Lt2 MAX.: 800US
V t2 MIN.: 100jaS

ti- t2
IFIG. B

WAVE FORM SHOULD BE WITHIN THE LIMITS OF FIG.B AS SHOWN.

4.0. NUMBER OF PULSES

4. 1. SETTINGS

SEI TRIGGER MODE TO CHANNEL 2 POSITIVE EDGE
SET TIME BASE TO 10 mS /cm.

4.2. OBSERVATION OF PULSES
ARM OSCILLOSCOPE, REPEAT DEPRESSION AND RELEASE OF BIAS SWITCH.
WHILST ADJUSTING TRIGGER LEVEL, UNTIL WAVE FORM OF FIG. C IS
OBSERVED.

ISSUE A
&SOO

COMPILED P S.- - - -

cxo 23 1
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---- LI ITED. COLNK. ENGLAND. $11T ..... Q,....,.1 .9 ......................
of. oPSH T

QUAUTY CONTROL DATA SHEET o..

. i , m.i...,.... . .

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.AFO.S.

CONTROL UNIT (53813-203 SYSTEM A)

F II! 'r CHANNELI
S<tl < 25 ms
10t2< 30mS

.- t2 , tJ tI, 10<t3< 30mS

C-A,- -L 2 0 t4 < 0 m S

PlC,. C

NOE:- DUE TO STORAGE CHARACTERISTIC OF OSCILLOSCOPE, PULSES MAY NOT BE

UNIFORM IN HEIGHT. REPEAT DISPLAYS MAY BE NECESSARY TO ENSURE

THAT ALL PULSES ARE PRESENT. WAVEFORM SHOULD BE WITHIN
TOLERANCES SHOWN IN FIG. C

SET PULSE SELECT SWITCH ON PULSE SIMULATION BOX TO 3, OBTAIN
OSCILLOSCOPE TRACE AS PREVIOUSLY, BY DEPRESSION OF SWI.

OBSERVE THAT 3 PULSES ONLY ARE PRESENT ON THE TRACE. THE RIGHT
HAND PULSE OF FIG. C SHOULD NOW 'BE MISSING.

SET PULSE SELECT SWITCH TO 2,1 AND 0 AND OBSERVE (ORRESPONDING
NUM1BR OF PULSES APPEARING ON THE OSCILLOSCOPE, WHILST
UTILISING BIAS SWITCH AND OSCILLOSCOPE AS PREVIOUSLY.

SWITCH OSCILLOSCOPE AND 28V SUPPLY OFF AND REMOVE TEST CONNECTIONS
TO PULSE SIMULATION BOX.

oMau A

M. P S.

COED 1'S
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HEAD ( FIXED. SOCKET) TYPE 10-6PA- TO MIL"C-264,82
"SYSTEM A

20-- - HEAD 2 AS
u TERMINAL 30O--.- HEAD3 ov

BLOCK 4 _ HEAD4... ... H 1EADS CCT-
CON"ON ,r,, r 6 0---- HEADS6 AS

I70 HEAD7 PRn"--A 8- - Fla
EDO--. ED 1

HEAD I (FIXED SOCKET)
C

/

E 
1

1 0 HE -~ AD I 28V
- 0HEAD2 ov

3 - H -lEAD 34 O - - 4 i.,

SIDE 1 5 - -IEADS CCT.
6 -HEAD6 AS
70 -l- H EAD7 PER
8 H - - - - ,EAD8 IG.

"IO902 (? -x- - E 13

SYSTEM 2 IB -
A A

F

10------HEAD I
20- - -- EAD 2
30- -- H-EA-- -E

le 0 - - - - IEAD4
. .. . SIDE 2 5O------ - - - ttEAD5 CCt.

S O ---- - - HEAD 6 AS70 - - --- HEAD 7 PER

8 -- HEAD$ FIG -m

ED-- -D 13
ov 5 a

== F-
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UWT u,.r. ENQONLAND. sT N,. N 5309
QUALITY CONTROL DATA SHEET ' 91

m' : ACCEPTANCE REQUIREMENTS FOR U.V.A.F D.S.
CONTROL UNIT (53813-203 SYSTEM A)

S1

,B I

C i t SAXZ ,....f

Ca 2 t min

ti

al .... . .

Czi 1mm, , , , t2 Sal ........
%2

ti *ini ........
CH 2 t2 min ........

IUue A I " _-_

______o PS,
, D - _ _-_ __,,__ _-

-AD 2371
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DAT A .., .A UMIll. CO INOOI(. EN OAND. SH ET ...0. 3.09 ........................

QUAUTY CONTROL DATA SHEET DAw.tN...4o me. OF am

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.FD S.

CONTROL UNIT (53813-203 SYSTEM A)

Ca 1 t M1X .......

min ... .

03 2 .1-

ilofL , 8J

llil231156illm WillCIWl$F

1S2S3HS5U1Uf5SUIES

AA

P S.

AMi? gcA

c .,,,o AS
M= _

I . 23 ____--_
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DATNVLIMIT9D. COLMOR0OK. INGLAND. DA1Tm .. 1509..............

QUALITY CONTROL DATA SHEET 41 1 P" F ~
TITLE:ACCEPTANCE REQUIREMENTS FOR U.V.A.F. O.S.

CONTROL UNIT (53813-203 SYSTEM A)

and of

Ca 1

CH 2

or

Ca 1

CI 2

isrime 9

COMPILAD PS.

cKO 239
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TITLE: ACCEPTANCE REQUIREMENTS FOR UNVA.FQS.

CONTROL UNIT (53813-203 SYSTEM A)

ftd of
Trace

CH i

CI 2

or

Il I

CKDC 124
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VUUT (I)~f DATA 1HEE

(1)er~t aDefinitiontImprose oniios

Q % tobeowns anoer uete t fre kainalt loo-mumsetween ofos

Type I FQaty or Prbuction Acceptance Limits

Typea2 roriateS Indsp et n th eclar e s cpantreLmso
appmleh of o~ tusrembetls4 ur odtos

difference in teow reslt. Differences within the stated accuracy of
Instannlan and those due to acceptable variances baed upon timeo
id pew k.!y, tresportotian and test teclusques are declared as acceplable.
To meethle cirowneances Type I I mitswed far Factory test ollow --
smeoller variation then thou wed for Type 2 limits by beiving Inspection
and as Custower Acoetnce. Then test we caried owt at norwrel ambient

teperature conditions.I' Functional limit of extrwnes of operating conditions ore determined and
declared. From time tv timea quality audit tess may be carried o" and
peom ..i cheterials an. measwed for compiliance with velues of the
approvail seo which are mees.wed at appropriate .*freme conditions,
particularly with respect to temperatwre. Type 3 limits cater for fhmctional

acceptance chereaterlstics and allow, a greeter variation then Type 2 limits.

The correct acceptable velue appileable to the neture of the too is detailed
In a schedivle and is to be selected for wse as appropriate. Any teso where
a single value remtel's in the tNt Is applcable to Type)1, 2, and 3 tut.

_ ~245 1



LMITSO. COLMOROCK LIGLAND. 5, 1 . ._...... I .......................................

CUAUTY CONTROL DATA SHEET 1W o2. Ma

TITLE: ACCEPTANCE REQUIREW.ENTS FOR U.V.A.F.D.S. CONTROL UNIT V
5383-204 (SYSTEM 9)

(H) Frequency of Test

The following toan shall be carried out at a frequency appropriate to definition.

Type I All units.

Type 2 It is recommended that -ol unils 'on receipt'and subequently as
defined in uer preeedreas and schedules.

Type 3 These will be carried out as appropriate upon:-

Initlotlon of production.
Introduction of aimjor modification.
Cesstion of production for three months.
Introduction of new procame which moy affect production tandard.
Change of key operator.

(1ii) Action Required

Ii(o) For Type) I tets oil resullt shell be recorded ogainst Serial No. of each
gen"tl unit.

For Type 3 tom en bridged tot report deoiling results olabined ogainst
Swekl No. of och cAntrol unit Is reied.

i(b) For Type I tftsei&y fellues shell be reported to the Design Authority.

For Type 3 tess, any'Ceorl Ulnbtt foils any test or part of a test sholl
be exmined to loeas te porticulor replaceable sub-imbldJy coswng
the oaolkfvtlm.

The defective w-eembly shall be replaced to each of two replacament
sub-omnmeika, end repeat testing carried out on both litn.

Subject to etlsictory results 0n both repkm s*b-*embe, the
botch of ults am be relemed.

A failure during re-teat on either " n-emembly constitutes a failure of
the whole batch, and rectifloeioe/desig modlfimtion Is required
beflre the befth a be relemd.

isme A
Moo _ - - - - -
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QUALITY CONTROL DATA SHEET 3
TITLE: ACCEPTANCE REQUIRMNTS FOR U.V.A.F.D.S. CONTROL UNIT

53813-204 (SYSTEM 6)

NOTES: Control unit is efr'ed to as CCU
~~Crew warningl knit Is mlod to ais CWU.

~~THIS TEST MUST NOT BE PEI 0i.kE' USING BATTE[RY CA RD 43761-140 IN PLACE

For flight trial pliaotions using bottery d 43761-140 tat as per Appemndix 3.

I. EQUIPMENT REQUIRED FOR TESTS

Cable farm a per FIG. 1.

400 Hz. pwwr supply (frequency range 380 Hz to 420 Hz)
(voltes" rmngl02V to 124V)

D.C. suply 2 Amp (vorieblo 16 - 30V output)

D.C. supply 0.5 Amp(voe 3 - 4 volts autput)

D.C. smly 0.5 Amp 5.6V

Gould StaepegOswiilamope OS 4000 and two X10 probe .

3x AVO MWe 8

Countm Timer capable of being +ve and -we edge triggered at 5V levels, resolving
to 0. 1 mS on cownt range of 100 e a.g9. RmIl Dana 9901 and oneX i probe.

Ground support control m and emble horma assembly as per FIG. 2.

Mater and supply swltskin unit as per FIG. I I.

Hed Simuletion Unit as per FIG. 3.

Diode IN4001.

Crew Warning Unit part number 5313-202.

Conipuer Card, Golden Rivet Co. G0d643,
Printer, Digitec; Part Nuwer 6410J.

Digital Voltmetr (DC and 400 Hz AC capab lity) used lei conjunctin with insmAted
probas.
Pulse sintlatian .unit per FIG. 10. (Colibrm l as per Appendix 2).

_ _ A _ _ _
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, TDATA~~~LOWIED. CON 40 K ENGLAND. _SMUllT N ..... ,.......... .....................

QUAUTY CONTROL DATA SHEET ,U ee.OF

TITLE: ACCEPTANCE REQUIREME NTS FOR U.V.A.F.D.S. CONTROL UNIT
53613-204 (SYSTEM B)

2. CONNECTIONS

Check that all suplie are set to OFF. Connect control unit to supplies and test
equipment s per FIG. 4.

3. INIrIAL SETTINGS

3.1. SIA, SID, S2A, S3 ond S4 ON, Meter nd Sully Switching Unit to OFF.

All 4 mete switces an , Meter and Supply switching unit to B.

3.2. bwy switch on GSIE control unit to position 6.

3.3. GSE modes witch to IN.

3.4. Date witch to A.

3.5. Cowpute card bao ran settinp to 300 C/ec.

3.6. All head simulotion unit, FI (fire) and FA (Wult) switches to OFF.

3.7° M2 mt to I Amp ,np AC.

3.8. M3 set to I Amp range DC.

3.9. M4 set to 10 n g rnee DC.

3.10. Using DVM set to 5Ov AC ang. switch on AC supply and set it to 124v
20 Hz (t 0.5v).

3.11. Using DVM set to50v DC rnge Switch an V1 ar set it to 29v (t 0.2v).

3.12. Using DVM set to IOv DC range switch on V2 and set it to 4v (+ 0.1v).

3.13. Using DVM set to 10v DC range, remove positive lead fron V3 supply.

Switch an supply and set it to 5.6v DC (+ 0.Iv). Switch V3 supy off an
reconnect positive lead.

3.14. Head select switch on Pulse simulation unit to OFF.

691___ A

CKI.D 4 48
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QUALITY CONTROL DATA SHEET .

TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT

53813-204 (SYSTEM I)

4. TEST PROCEDURE

Notes I. Meter M 4 shouid be observed of each test and unle stoated otherwise
shold Foll WQ current.

2. Limits of ll tests an contoine In Appedix 1.

4.1. Earth Connections

With CCU disconnected, using resistance bridge, check resistance between
CCU came nd pIn 15 of A/C plug, resliance to be les than -------- ohm.

4.2. Prelimianry Check Out (High Suply Voltog")

4.2.1. Connect A/C and GSE cable farm to CCU as per FIG. 4.
Switch S4 to ON, M4 should read less than ------ mA.
Switch S3 to ON, M3 Should read les than -------- mA.
CWU right hen "FIRE DETECT FAIL" lamp to Illueinnote.

4.2.2. Switch Sil to ON, an obmrve that OSE I LED an Side I of

GROUND SUPPORT CONTROL UNIT (GSECU) indicates.

M2 to )adleet les than -... .

M3 to indit less then m .

M4 to Indicate Zero.

4.3. Preliminary Check Out

4.3.1. Set GSECU mode switch to OUT. Depress end release reset
swi tch, obmrve that Side I GSE LED begins and continues to
flash after an initial off period of opproximatoly 4 secands.
GSE I Side I LED should flesh at a rate of oprastilmately 3 per
second. Side I GSE2 LED an GSECU should flesh eppruimately
onee evry 1 5 se.mnde.

Observe that CWU right hand lamps i.e. 'R ENG FIRE' ond
'FIRE DETECT FAIL' lamps am both extinguished.

-.- - - -
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(WALITY CoWkrOL DATA SHEETl ...........

TITLE:
ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT
53813-204 (SYSTEM I)

4.3.2. Depress 'FIRE DETECT TEST' push button on CWU, 'R ENG FIRE'
lamp to indicate within approximotely one second.
Release 'FIRE DETECT TEST' push button an CWU, 'R ENG FIRE'
lamp to extinguish within ppra~xlmotely one second.
Depress 'FAIL IND. TEST' push button on CWU, Right hand
'FIRE DETECT FAIL' lamp to show.
Reeoe 'FAIL IND TEST' push button on CWU, Right hand
'FIRE DETECT FAIL' lamp to extinguish.

4.4. Suppy Currents - Running Mode

A42 to indilate less ta ------- mA.

Note: - meter needle will fluctuate in sympothy with time share.

Obsewe overage value.
M3 to indicls Is" r *A .. .
M4 to 1n"m" AWe.

4.5. Supply Cufwfen - Fire

Depesm and held CWU Fie test button, whe 9 ENG FIRE' lmps sw
metrw readings.

M2 should rad Ies than .....-nA.
M3 should mmad less thn - ----- mA.
M4 should ree two.
Release CWU F IRE Te b~ .

4.6. Preliminary Check Out (Low Supply Voltoge)

Set switches Sil, S3 and S4 to OFF.
Set GSE MODE Switch on GSECU to IN.
Using DVM set AC suody to 102 velts 380 Hz (- 0.Sv),
VI supply to 16 volt (.0.2v),
V2 supply to 3 volt, 0. 1v).
Repeat 4.2 to 4.5 inclusively, then set SiG, S3 and S4 to OFF.

- --
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- - - -j-

ma-



DATA ,...S
UMITEB. COLUM OOK. " GLANPD. S UT A ...............................................
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TITLE : ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT
53813-204 (SYSTEM B)

4,7. Regulator Operation

Note: All DC voltegs are measurawith respect to pin 32 of monitoring
points.

4.7.1. Settings (Low Supply)

Using DVM Set4C supply to 102V 380 Hz (t 0.5v),
Vi to 28 volts (- 0.2V),
V2 to 3.6 vits (- 0. Iv).
Set GSE Mmb Swit~h en GSECU to IN.

4.7.2. Set Switche S , S3  d S4 to ON.

4.7.3. Regulation at Low Supply (5.6V Roil) Side 1

With DVM at ot IOVrange DC, check vltoge ot pin 12 of
monitoring points. Voltoge to be bewed ----- vots minimum
Ond ---- volts maxim..

4.7.4. Regulation at Low Supply (Heod Supply) Side I

BEWARE OF HIGH VOLTAGES ON THESE TERMINALS.

Set DVM on 5V DC range. Check voltoge ot pin 25 of monitoring
point, voltge to be between ------- volts minimum and-------
volts -Iffnum.

Set switches SID, S3 end S4 to OFF.

4.7.5. Settlnm (High Supply)

Using DVM et AC supply to 124V 420 Hz.
Repeat 4.7.2. to 4.7.4. inclusively.

"___ A __ _ _

lom

COPLD- - -

APP
..........



QUALITY CONTROL DATA SHEET i~ u
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TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT 'p
.S13-204 (SYSTEM 9)

4.8. Tk.ie Teuts

4.8.1. Settings for power up time delay.
With switches Sib, S3 and S4 let to OFF et
AC supy to 400 Hz I SV.
Set oscilloscop, time bow to 0.2 uscs/cm, chrnel I and 2 amps.,

to 0.2V/cm, trigering to positive edp channel 1. Stored trigger
point set to I trace.
Set channel I and 2 to DC made.
Set storage mode to ROLL.
Switch on oscilloscope and adjust channel I trace to be at mid-screen.
Adjust channel 2 trace to be I/,pm above bottom of screen.
Set GSE made switch to IN.

4.8.2. Connections for powE up Time Deloy

Connect CHI probe to terminal block monitoring point 23.

Connect C12 probe to terminal block monitoring point 12.
All probe returns we cnectd to pin 32 of monitoring point.

4.8.3. Power Up Time Delay (Side 1)

4.8.3.1 With osciIIoscope trigger armed switch on systwn power
in the cr1r S3, S4 ond SIB.

Note- If oscilloscope do.s not trigger, djust trigger level
in conjunction with setting Sli to OFF, re-airming triger
and setting SIB back to ON.
Observe oscilloscope waveform as per FIG. 5.
Measure time delay between rising edge of channel I ond 2
as shown in FIG. 5.
Switch off S1, S3 end S4 and remove oscilloscope probes.

4.8.4. Settil for Time Shere Timing

Switch on timer ounter.
Set GSE mode switch to OUT.
Set timer for positive edge slart, positive edge stoP such that 300 mS
can be meoAsed.

MOO
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4.8.3. Connections for Time Shoam Timing

Connect flmer probe to amihering pain pin 23.
Proe mumconnected to ntoitring poi*nt - 2

4...Time Shore TImingV

4.8.6. 1. Set S 16, S3 Ond S4 toON.-
Syssem to Fi.mction as per 4.3. 1.

4.8.6.2. Obsmerve period of timer, riime to be between--- c.
WAMMn~n end ------ A *ii Ni.

4.8.6.3. Reelect for eativie edge stop and reod timser.
Time to be between - "-sees. amm.m mW~ -~

064. EMIfme.

4.8.7. Conection. end Settiep for Self Test Timner

Connect timer probe to momituiey point pin 3.
select timer for positive edge ~nr, positive edge stop.
Select Himing rwige to coe o 20 aecma period.

Observe period of tiler, time to be between ----- ma. minimwe
end --- 99OM*e WAnbM.

4.8.9. SeIf Test Timing _(Dursti on)

Roseloect tinvor for positive edge u~r negative eg stop and observe
*1 period of timver.

Time to be betwen- -sct minnm Wnd ------- Secs.

Reove timer prb connections.

CKO
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5X13-204 (SYSTEM B)

4.9. Ground Suprt Voltage Lines

Note: All DC voltag@" ame monitotd with respect to pin 32 of monitoring

point.

4.9.1. Setoig

W~th pwr an from. previous ted, set OSE Mod Switch on GSECU
to IN.
Dept.. and release reset button on GSECU.
Observe *v.GSE I LED an Side I ofGOSECU I Ihes.

4.9.2. llottery Monitoring Point

With DVM set to l~v rang DC check voltaip ot pin 370of monitoring
point, vvoltog to be baiween ---- volt miniamu mWd

4.9.3. 1 15Vf sod toGSE

~AK OF HIGH VOLTAGE ON THESE TERMINALS

Set DVM to read 200V AC ,sone can nect proe to pins10 and
I1I of ~ontoring point.
Obsev DVM reading, voitoge to be between ---- volts

mmi~md --- volts minkam.

4.10. Check Point Monitoring

4.10.1. Settings and Connections

Set OSE mode switch to OUT on GSECU.
Depes and release rest switch an GSECU.
Set DVMto 50 volt rangeCC.
Connect DVM positive to pin 28 end negaive to pin 32 of
mnitoring point.

COMP9LAD P-- - - -
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5X613-204 (SYSTEM B)

4.10.2. Check Point)I

DVM reading to be zero volts.
Depress 'FIRE DETECT TEST' push button, 'Rt ENG FIRE' lamp to
Indicate, DVM reading to be bmiew -- volts minimwn
owd ---- volts mmim.

4.10.3. Check Point 2

Repeat 4.10.2. with DYM positive connected to pin 29 of
~moring points.

4.10.4. Check Point 3

Connect DVM to pin 35 of nmnitoring points.
DVM reading to be zero vlt.
Depress 'FAIL IND TEST' pA butoon, righe 'FIRE DETECT FAIL'
indication to show.
Observe DVM reading, voltage to be betwes --- volts
minim mnd --- volts mmlmms.

4.10.5. Check Point 4

Repeas 4.10.4. with DVM connected to pin 36 of monitoring points.

4.11. Grounmd 52pEart Can.vled Tests

4.11. 1. RAM Test .i Resset

Set 051 Made switch an GSECU to IN.
Depress and release reset buttont on G SEC U.
Observe that Side 1 GSA I LED on GSECU iights.

4.11.2. Common Logic Toot (Functional)

Select position 4 on rotary switch, depress and release reset button,
Observe that Side I OSE I and 2LED'san GSECUflesh ON nd
OFF In the following sequence.

MOD

CKO 51______
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4.11.2. Common Logic Test (Functionel) (contd.)

GSE 2 Side I (ON-OFF), GSE I Side I (ON), GSE2 Side I (ON)

Repeat depreion wn release of reat button, obser that
'R ENG FIRE' laimp flashes in sympthy with the first floa hof GSE 2.
Right hand 'FIRE DETECT FAIL' lamp shold remain off during the
period that GSE LED's ore active.
Set Si, S3 ond S4 to OFF.

4. i 1.3. Cowmon Logic Test (Timing)

4.11.3. 1. Connections and Settings

Set awilloscope channels I end 2 amps. to 0.2V/cm.
Set trigger to CH1 (positive edge).
Set diapay mode to roil.
Set time be" to 0.1 sea/cm.
Set '*8red trigger point" to h* .

Connot Chann probe to pin 23 o. manitforing point.
Connect Channel 2 probe to pin 3 of monitoring pIint.
Conect probe mtun lines to pin 32 of monitoring point.

4.11.3.2. Side I Timing of Cowmmon Logic Test

Set Sig, S3 eS S4 to ON.
Arm oscilloscope trigger.

Depresw release reset button on GSECU.
Wve fau to be a FIG. 6.
Note:
I7 oscilloscpe dos not trigger, adjust trigger level Inconjvnction with depression of GSECU eet switch and
rearming of oscilloscpe trlow.

Take meereeomvnts of #I end tj.
Amv oscilloscope probes.

APP
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4.11.4. BaSk u ProgaCmMe Test

Select position 5 on GSECU rotay switch. Depres and release
reset button. After 5 second no LED's to show an GSECU.

4.11.5. Idlo ft m Test

Select position 0 on GSECU rofary switch.
Depress and release reot button.
Observeimht ide I GSE I and 2 LED's an GSECU how.

4.11.6. Data Retention Test

Set S4 to OFF. Select pcoition 2 an GSECU rotary switch,
-ep nd relemie reset button.

Observe that side I GSEI LED on GSECU lights.
Select poultiom 3 an GSECU rotary switch, depess and release
reset booton.
Obee that side I GSEI and GSE2 LED's an GSECU lights.
Rmeect position 2 on GSECU rotwy switch, depress and relemm
reset b~utto.
Observe that side I GSEI LED on GSECU lights.
Set SIB Od S3 to OFF. Wait 30 secoms.
Select position 3 on GSECU rotary switch
Set SIB and S3 to ON.
Observe that only slde I GSEI LED on GSICU lights.
Reselect position 2 on GSECU rotary switch.
Set S4 to ON.
Depress and release reset button on GSECU. Obeve that only
Side 1 GSE1 LED on GSECU lights.
Set SIBond S3 to OFF. Wait30aeconds.
Select position 3 on GSECU rotary switch. M4 to read between

mA minimnum end ------ mA maximum.
St Sl &nd S3 to ON. Obm ethat side I GSEI .nd GSE2
LED an GSECU II@*M.

'usu A J -

GISO ~ - --
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TITLE: ACCEPTANCE REQUIREMENTS FOR U.V.A.F.D.S. CONTROL UNIT
SM13-204 (SYSTEM 5)

4.11.7. Data readout Test

Switch an V3 (suppY to COWome card). Swiftch Mains povW
to printer.
Select position 2 on GSECU roomry switch.
Depres and release reset switch on, GSECU.
Observe that Side 1 GSE 1 LED on OSECU lights.
Select position I an GSECU rotary switch.
Depress and hold reset switch on GSECU.
Depress and release S5.
Observe *At printer prints
Release reset switch an GSECU.
Printer sheuld print as per FIG. 7.
Wen printer stops observe that GSE I LED (Side 1) an GSECU lights.

4.12. Systernfunction Tosh.

All fire and Wout indiations refer to fR ENO FIRE' and r60t hand 'FIRE
DETECT FAIL' laop an CWUJ.
Note:
Theetest anre wrisdi out u.sing the ieadsimulation unit ured to as HSIMU.

All references toSide I fault and fireswitches refer t sysotm11side 1.
Systm A Waut cued fie switches we not used.

4.12.1. irnitialiin for Functional Tests

With system still powere from previous tests select Position 6 on
roomry switch of GSECU.
Set GSE mode switch to OUT.
Depress and reles reset switch on GSECU. Oberve that system
functions as pe 4.3. 1.

4.12.2. Set side 1 heed)I fire switch to ON.
Fit* indication an CWU to show.
Set side I head 1 fire switch to OFF.
Fire indication on CWU to extinguish.

Repeat 4.12.2. for heads 2, 3, 4, and S.

Cloo
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4.12.3. Fa ile ed

SSet sdeb I hod 5, 6 and 7 foult switches an HSIMU to ON.

Set side I heads 1, 3 and 4 fult switches on HSIMU to ON.
Obeerv thot right hand 'FIRE DETECT FAIL' lamp does not light
ot next occurtnee of GSE 2 (side I) LED's flashing on GSECU.
Set side 1 heads 1, 3 and 4 fault switches on HSIMU to OFF.
Set side I heads 2 and 8 fault switches an HSIMU to ON.
Oberve that right hand 'FIRE DETECT FAIL' lamp does not light
at not eas mure of GSE2 (Side 1) LED flashing an GSECU.

4.12.4. Adjacency Set Failure

4.12.4. 1. Hes I and 2 Adij.ncy Set

Set side I heads 1, 2, 3, 4 and 9 fie and fault switche
to OFF.
Set GSE mode switch an GSECU to IN.
Depe~ and releae rot button.
Obe vethat uide I GSE I LED on GSECU lights.

Set head 1 end 2 fault switches on sie 1 to ON.
Set GSE ms switch on GSECU to OUT.
Depres and releae reset button.
Right hand CWU 'FIRE DETECT FAIL' lamp should light
immediately after the first occurrence of GSE 2 (Side 3)
LED flashing on GSECU.
Set head I and 2 fault switches an side I to OFF.
After the occurrence of the next flshing msuence of
GSE 2 LED's (occurring approimotely once every 15
seconds) observe that right hand 'FIRE DETECT FAIL' ianp
d ee tetinguish.

4.12.4.2. Heads 2 and 3 Adjacency Set

Repet 4.12.4.1. using heads 2 and 3 fault switches.

APP
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4.12.4.3. He 4 and 8 Adjacency Set

Repeat 4.12.4. 1. usIhed 4 and 8 fault switcs.
Set OSE mode switch to IN. Depress and release GSE
roet wih.

4.12.5. Short Circuit Head potion

4.12.5.1.Set Up

Set ),MM I rvlt switches to OFF.
Check that al system B side I fire switch" sremt to OFF.
Set SIDE SELECT switch on puise select unit (PSU) to
side 15.
Set HEAD SELECT switch an pulse select unit to head 1.
Set PASE SELECT switch an PSU to 0.
Set GSE mae switch an GSECU to OUT.
Depres eW releae reset switch an GSICU.;
Obseive Otw system functiosasm pr 4.3. 1.

4.12.5.2. F Ire Set (Need I)

Not:
AG; 2 mconds at each switch position before observing
result on CWU.

Set IULSI SELECT switch an PSU to 1.
Obso e "t fire indication an CWU is not lit.
Sot PULSE SELFOT switch an PSU to 2.
Observe that fire Indication on CWU is not lit.
Set PULSE SELECT switch an PSU to 3.
Observe that fire indicoti'n on CWU is not lit.
Sot PULSE SELECT switch on PSU to 4.
Obsgerve that fir eindlvei n an CWU Is lit.

C~ALA
I
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4.12.5.3. Short Circuit (Head 1)

Depress and hold sh rt circuit b~ on Ple simuotion
unit.
Ob-ve that fire Indication on CWU extinquisli.
Relso short circuit button on PSU.
Obm thot fire indication on CWU r-lghts.

4.12.5.4. Fire Reset (Head 1)

Set PULSE SELECT switch an PSU to 3.
Observe that Are indication on CWU remins lit.
Set PULSE SELECT switch onPSU to 2.
Observe that fire Indication on CWU mmins lit
Set RASE SELECT SWITCH on PSU to I.
Oben.o that fire Indication an CWU extinguilaes.
Return PUASE SELECT mitch on PSU to 0.

i ~ ~CWLI fm ladmoan to rmain extinguished.

4.12.5.5. Sensitivity and Short Circuit Head Operation
(Heeds 2, 3, 4, 8)

Repat 4.12.5.2. to 4.12.5.4. far heads 2, 3, 4 and 8 by
selecting requAmd head on HEAD SELECT switsh an PSU.

4.12.5.6. Set SIB, S3 and S4 to OFF.

Set hesl select switch on PSU to OFF.

4.12.6. Regne to Fire

4.12.6. I. Settings and Connections

Set eh neel I ampoifier an oscillao.c- to 20v/cm.
Connoct ohannel I ascilloeseqo pmb* t System II side 1.

W termlnal of HSIMU.
Cennect proe retwn to pin 32 of moanitoring point.
Canmect pin 28 of monitoring point to exmnaI trigger

input of oscloecpe, usingXI probe.

IRA" A
MOO
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4.12.6.1. Settin.p and Connections (cad.)

Set osiIliesoop triilr mode to Ext. (positive edp).
Set tigger point at end of trmce eni ring that end trace
clawides with and of Mrce -Gotule.

Set time ba to 0. 1 sC/c.
Storowg mode set to ROLL.
So# SI, S3 and 54 to ON. Observe that system functions
es per 4.3. 1.

4.12.6.2. Rae.nse to Fivto(Set)

Note:
To nse corect results this tes should be cariled out
about 3 scis fter G2 LEO an GSECU (side 1)
has flamld.

VA th oscill Ioscope trlger armed depmes and hold 'F IRE
DETECT TEST' button on CWU.

Note.
- ' Iloscope dam not trigger, adjust rior level In
c.njunction with repat deprions of 'FIRE DETECT TEST'
b twe, re-envmin trier between each switch depression.

Weveform sholl be of the form of FIG. 6. Meosure
fAme set time t.

4.12.6.3. Response to Fire (Reseo)

Ream willosAope trigler, select neptive ee EXT
trigger.
Release 'FIRE DETECT TEST' switch on CWU.
Observe ascillwse wove form, twme to be of the form
of FIG. 9.

Note:
To -arem correct results this test should be corried out aout
3 soande ofter GSE2 LED on GSECU (side 1) has flashed.

COPwE ---- - - - -_____
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* TITLE: ACCEPTANCE REQUIREMVENTS FOR U.V.A.F.D.S. CONTROL UNIT
53613-204 (SYSTEM S)

4.12.6.4. Switch Off

Set SIB, S3 mWS 4 to OFF.
Renove oscilloscope probesfrmontigpits
Switch off all power vippios.

END OF TEST

"DII
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SCHEDULE OF TESTS APPENDIX I

Test
Definition Category Paramer va Units

1 0.2 max
4.1. 2 0.25 wmx Ohm

3 0.3 wax

Values at AC Supiply " Volues at AC Supply
124V 420 Hz 102V 310 HzV1-=29V VI =16V

V2 - 4V V2 - 3V

M2 M3 M4 M2 M3 M4
I 140 1.25 - 100 1.1

4.2.1. 2 - 148 1.45 - 106 .1.3 #A
3 140 1.65 - 115 1.55 MQK.

1 140 85 0 115 45 0
4.2.2. 2 150 89 0 123 47 0 mA

3 165 97 0 135 52 0 mim.

1 121 75 0 100 42 0
4.4. 2 129 80 0 107 45 0 mA

3 142 86 0 117 46 0 Max.

1 146 270 0 118 176 0
4.5. 2 156 280 0 126 185 0 mA

3 171 295 0 138 19 0 Maw.

Values at AC Supply a Values at AC Supply
102V 380 Hz 124 V 420Hz

5.7

1 5.7 0.45 5.7+ 0.45
4.Z3 2 5.7 0.5 5.7 - 0.5 Volts

3 5.7 _.65 5.7 t- 0.65

1 322- 322 . 10
4. Z4 2 322 t 322 12 Volts

+ 322- 17

COUMgLESO
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SCHEDULE OF TESTS(Cantd.) APPENDIX I

Test
Definition Cot.m'y Pu-me Value Uni

1 337 17
4.8.6.2. 2 337t 20 mS

3 337 23

1 168- 9
4.8.6.3. 2 I6 11t mS

3 10 3 13

1 14.8+ 0.74
4.8.8. 2 14.8 t 0.863 14.8 t 1.03

1 16B9
4.8.9. 2 16t +11 mS

3 168 t 13

I 5.1t0.6
4.9.2. 2 5. 1 0.6 Volts3 :1t0.85

1 114.9.0.6
4.9.3. 2 114.9 t 0.7 Volt

3 114.9 t 0.8

4.10.2. 1 27.5 .7
4.10.3. 2 27.4 t 0.9 volts
4.10.4. 3 2 7 .2  1.2
4.10.5.

*1 t2

1 0.3r- 0.0m 0.3V t 0.035
4.11.3.2. 2 0.39 - 0.04 0 . 3 9ri O. 04  WA3'

3 U..* o.05 o.- 0.05

4. &"b . &.101, 607-a.-04"b 1 .E,,7 7 -. __.-

is mt A

MOO A_____ _
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SCHIEDULE OF TESTS (Comld.) APPENDIX I

Test
Definition Category POaRuts Value Units

4.11.6. 1 1.2 a.
2 1.35 ma. mA
3 1.6 F-ai

1 )
4.11.7.1. 2 ) GRUTIL V.4

3)

S0.85- .1
4.12.6.2. 2 0.85-0.12

3 0.85- 0.15
4.12.6.3. 1 0.68 0.05

2 0.6 0.06
3 0.69- 0.Q6

APPENDIX 3 SCHEDULE(Of TESTS

4.7. 1 3.6 0.6 Vol"
2 3.6 - 0.6

4.9. 1 3.6.; U. 6 vOl'a

4.9..2 J,.6 - .65

-J - - .- •
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APPENDIX 3

FLIGHT TRIALS UNIT WITH BATTERY CARD

I .0. Equilpmmnt required, as per moin 0. Sheet.

Additional equipment, I decade resistaince bam (lOOK capobility) + 2 flyle ad.

2.0. Connectians. As pe ain 0 Sheet.

3.0. Initial setinp.

3.1. SIA, $I&, S2A, $3 and S4 on mter suply switching unit to OfF.

3.2. GSE mde owlt"h to IN, rotary switch set to position 6.
3.3. M2 at toI Amp rege.

3.4. M3 t to I Am#. renge.

3.5. M4 ft to 10 renge.

3.6. Using DV A ut to SOOV AC mmiW, switch on AC sply nd met it to 115V
400 Hz (H 0.V).

3.7. L Ing DVM at to SOV DC renge, witc, un VI and set it to 2 8V DC (tO.2V).

3.8. 100et bmty card Iwo contral unit 53513-204.

4.0. Produre.

4.1. Set S3 to ON. Obsn ve tha It. hend 'FIRE DETECT FAIL' lemp lights.

4.2. Welt for 4 howr to allow bettery to charge.

4.3. Set SIB to ON.Observe that Side I GSE I LED an GSECU lights and 1. hand 'FIRE DETECT
FAIL' lamp extinglaAves.

4.4. Set rotary switch on GSECU to 2. Depreu and relase reset button on GSECU.
Observe that GSEI LED n side) of GSECU l ights.

4.5. Set SIlB and S3 to OfF.

COD 2671 1 1
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APPENDIX 3 (eonod.)

4.6. Wa it for 30 mcmu then set rotary swi tch to posi tioan 3 and at S IB and 53
to ON.
Observe that both OSE 1 and GSE 2 LEDS on GSECU light. Sot S111 and
S3 to OFF.

4.7. WingDVMset to 0VangeDC, connect negtve ladto pin 32 of
mnitoring point, conoct positive lead to pin 37 of mnonitoring point.
Meter reading to be between ---- --- volts minimumn and ---- volts

4.8. Set dede resisence bax to I00K

4.9. Connect decode mnistance bom be ween pin 32.of a.itoring point end
cable 18 of systow I aircinft plug cable form.
Connect DVM eava 100 K deeede ban, obs ee ter readng.
Uedng to be beween, ---- --- volts minim.., end -~--volts smimum.t

4. Ismneve &mode resissenee bOK end AY11eede.

Set al poerus.*lIkatoOFF.

END OF TEST.

"DID
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APPENDIX 2
CALIBRATION OF PULSE SIMULATION BOX

1.0. EQUIPMENT REQUIRED FOR TESTS
28V D.C. SUPPLY (0"5 AMP.).
2 x OSCILLISCOPE PROBES (x 10)
STORAGE OSCILLISCOPE (GOULD OS 4000 OR SIMILAR)
PULSE SIMULATION BOX
NORMALLY OPEN BIAS $WITCH

2.0. CONNECTIONS
CONNECT AS PER FIG. A

28V 2 ' -- OSCILLOSCOPE
PULSE CHANNEL 2SELECT t6 .---

ov UN -opOSCILLOSCOPE17 CHANNEL 1

D SOCKET
NUMBERS

No OSCILLOSCOPE
COMMON

FiG. A

3.0. PULSE CHARACTERISTICS

3.1. SETTINGS
SET 28V 0.C.SUPLY TO 28V
SET CHANNEL I Y AMP TO IV/Cm
SET CHANNEL 2 Y AMP TO 2Vl cm.
SET TRIGGER TO CHANNEL I NEGATIVE EDGE.
SETOSTORED TRI(GER POINT" TO 1/4 SCALE.
SET TIME BASE TO 0.1 mS/cm
SET PULSE SIMULATION BOX PULSE SELECT SWITCH TO 4.
SET OSCILLOSCOPE STORAGE MODE 70 ROLL.
SWITCH ON OSCILLOSCOPE.
SET CHANNEL I IRACE TO BE AT MID SCREEN
SET CHANNEL 2 TRACE TO BE Icm ABOVE BOTOM OF SCREEN

ISSUE A

€ • MOO
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3. 2. PULSE CHARACTERISTICS MEASUREMENT

SWITCH ON 2V SUPPLY. ARM OSCILLOSCOPE TRIGGER. REPEAT DEPRESSION
AND RELEASE OF BIAS SWITCH SWI WHILST ADJUSTING TRIGGER LEVEL
UNTIL WAVE FORM OF FIG. B IS OBSERVED. NOTE OSCILLOSCOPE SHOULD BE
RE-ARMED AFTER EACH SWITCH DEPRESSION.

30V VI MAX.: lOV

V, MIN. : ZV

20V V2 MAX.: 30V
V2 V2 MIN. : Z6V

O 2  t1 MAX,= 300jwS

tI MIN.: SoliS

t7 MAX.= 800,u 5

oV - 2 MIN.: 100mS
& " -- FIG. a

WAVE FORM SHOULD BE WITHIN THE LIMITS OF FIG.B AS SHOWN.

4. 0. NUMBER OF PULSES

4. 1. SETTINGS
SE'T TRIGGER MODE TO CHANNEL 2 POSITIvE EDGE

SET TIME BASE TO 1OmS/cm.

4.2. OBSERVATION OF PULSES
ARM OSCILLOSCOPE, REPEAT DEPRESSION AND RELEASE OF BIAS SWITCH.
WHILST ADJUSTING TRIGGER LEVEL. UNTIL WAVE FORM OF FIG.C IS

OBSERVED.
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GUMI-ir'., , QLN5ROOK. ENGLAND. SHEET No 0. ,5 31 0}'SHE-ET. -- " No O, ovs--alf
QUALITY CONTRCL QATA SHEET ", 0

TITLE: ACCEPTANCE Ri_.JUIREMENTS FOR U.VAF D.S
CONTROL UNIT (53813-20't SYSTEM B)

I _ CHANNELP
5 5<t1I< 2 5 mS5

0<t 2< 30 m SI_ t 1 i t23 . t4. 10<t13 < 30Ores
,___ _,_ -__ ____ '__ _0_ t/.< 30mS

CHANNEL 2

FIG. C

NQTE uE TO STORAGE CHARACTERISTIC OF OSCILLOSCOPE, PULSES MAY NOT BE

UNIFORM IN HEIGHT. REPEAT DISPLAYS MAY BE NECESSARY TO ENSURE
THAT ALL PULSES ARE PRESENT. WAVEFORM SHOULD BE WITHIN
TOLERANCES SHOWN IN FIG, C

SET PULSE SELECT SWITCH ON PULSE SIMULATION BOX TO 3. OBTAIN
OSCILLOSCOPE TRACE AS PREVIOUSLY, BY DEPRESSION OF SW1.

OESERVE THAT 3 PULSES ONLY ARE PRESENT ON THE TRACE. THE RIGHT
HAND PULSE OF FIG.C SHOULD NOW BE MISSING.

SET PULSE SELECT SWITCH TO 2,1 AND 0 ANOOBSERVE CORRESPONDING
NUMBER OF PULSES APPEARING ON THE OSCILLOSCOPE, WHILST
UTILISING BIAS SWITCH AND OSCILLOSCOPE AS PREVIOUSLY.

SWITCH OSCILLOSCOPE AND 28V SUPPLY OFF AND REMOVE TEST CONNECTIONS
TO PULSE SIMULATION BOX.
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Approval Test Schedule No.52

Teat Schedule

for

Ultra -Violet

Advance Fire Oetection System

Amendment Record

Issue No. Page No. Pare.No. Amendment Date

Introduction 26.5.78.

2 Part 1 ] 27.6.78.

Part 2 ) Revised

Part 3]

1 4.2.1. Added

4.2.2. Added

2 4.3.4. Revised I

3 Part 1 ) Reference to TSO-C1l(d) deleted. 11.1.79.
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Part 4 Para.4.5.3.

4 Part 4 Para.4.4. Revised 26.3.79.

Para.4.6. Test Plan added.

5 Part 4 All Revised 10.9.79.
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PART I

List of related documents applicable to this schedule

SOR.078104 General Dynamics. Statement of Work.

MIL-STD-810C Environmental Test Methods.

MIL-STD-461 Electromagnetic Interference Requirements.

MIL-D-27729A Detecting Systems, Flame and Smoke,
Aircraft and Aerospace Vehicles.

MIL-W-25038B Wire, Electrical, High Temperature and
Fire Resistant. Aircraft.

TSO.C79 Pir Detectors Radiation Sensing Type

MIL-STD-704A Electric Power Aircrafti characteristics and
utilieation of.
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PART 2

Description

The Ultra Violet Advanced Fire Detection System is intended for usein high performance aircraft to detect engine/nacelle fires.
The multi-channel system comprising, Computer Control Unit (C.C.U.),Crew Warning Unit (C.W.U.) and up to 8 Detector Units shall detectaircraft engine/nacelle fires within one second.

Two systems are proposed

System 'A' shall include the following features

Automatic Self Test
Fault Discrimination CapaoilityFault Maintenance Read Out andMsnual Confidence Test.

The simplified System 'B' shall incorporate lanual Test only.

Hi
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PART 3

Test Equipment

The following test equipment shall be used where necessary to carry
out the tests as detailed in Part 4 of this schedule.

Temperature and Humidity tests shall be carried out using *Montford
Climatic Chambera Type PHX73/RR/H/FFF/AUTO/CAM.
Temperature measurement shall be by "ComarK Electronic Digital Thermometer
with an accuracy of # 0.1% of reading.

Altitude testing shall be carried out in "Graviner Altitude Chamber*,
satisfying the requirement of MIL-STO-810C, Method 50 1.1. Proc.I.
Pressure levels shall be measured using suitable pressure and vacuum
gauges with an accuracy of : 2% of reading.

Sand and Oust testing shall be carried out using "Graviner Sane and Dust
Chamber", satisfying the requirements of MIL-STo-8IoC Method 510.1. Proc.I.

Fungus Resistance Tests shall be carried out using "Hedineir Mould Growth
Cabinet" satisfying the requirements of British Standard 3S.2011, Part J.

Salt, Fog testing shall be carried out using "Graviner Salt Spray Chamber",
satisfying the requirements of MIL-STD-810C Method 509.1. Proc.I.

Acceleration testing shall be carried out using "Graseby Centrifuge"
Type G.W.3.

Fire Resistance testing shall be carried out using a 6* x.1100°C
Torch to Specification TSO C79, Pigure NO.2.

All pressure and vacuum gauges used shall be calibrated to the requirements

of British Standard 8S.1780.

All electrical instrumentation used shall be calibrated to the requirements
nf British Standard BS.89.
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PART 4

4. Approval Tests

4.1. Examination of Product

4.1.1. Weight

The weight of all system components submitted for approval
testing shall be checked and recorded.

4.1.2. Size

The dimensions of all system components submitted for
approval testing shall be checked to ensure conformity
with the relevant drawings.

4.1.3. Visual Examination

All system components submitted for approval testing shall
be examined for correctness of marking, workmanship and
visible defects.

4.1.4. Centre of Gravity

The centre of gravity for each of the system components
shall be established using the "knife edge method".

4.2. Electrical Tests

4.2.1. Voltage Supplies

The system shall operate from nominal 115 volt 400 Hz and
28 volt d.c. power supplies in accurdance with MIL-STD-704A,
Equipment Category B. Emergency supply conditions.

A.C. Voltage Limits. 102 - 124 volts. 380 - 420Hz

D.C. Voltage Limits. 16 29 volts.

System A

C.C.U. 115v, 40O0Hz and 28v.d.c.

C.W.U. 28v.d.c.

System B

C.C.U. 115v 400Hz

C.W.U. 28v.d.c.

Voltage Transients

The system shall be unaffected by exposure to the following
input voltages in accordance with MIL-STD-704A.

.- . . , . - . _ . . .. _ - . _ _. -



Voltage ouration

190 0.10 second

174 0.40 second

139 4.00 seconds

137 5.00 seconds

After the transient test the equipment shall meet the performance
requirements of pares. 4.3.2., 4.3.3. and the acceptance requirements
of the relevant Q. Oata Sheet detailed in paragraph 4.4.

Supply Interruption

The effect of voltagp supply interruption to the system ohall
be established.

This test shall be carried out as part of Voltage Transient
testing in accordance with MIL-STO-704A.

2 9
II
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4.2.2. Insulation Resistance

C.C.U. Using a 30 volt d.c. source. the leakage current
between all unearthed terminal pine and case
shall not exceed 1.5 jA.

C.W.U. Using a 500 volt d.c. insulation tester the
resistance measured between all unearthed
connector pins and case shall not be less
than 20 Megohm8.

Detector Unit Using a 500 volt d.c. insulation tester
the resistance measured between all unearthed
connector pins and case shall not be less
then 20 Megohms.

4.2.3. Electromagnetic Interference

The complete system shall be tested to comply with the
electromagnetic interference requirement of MIL-STO-461.

Testing shall be carried out in accordance with

"EMC Test Plano for Ultra-Violet Advanced Fire Detection
System.

4.2.4. Functional Test

293
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4.3. Performance Tests

The following tests. paras. 4.3.2.. 4.3.3.. end 4.3.4. shall be
carried out in accordance with MIL-0-27729A, pares. 3.11.2..
3.11.3., and 3.11.4. modified as follows

4.3.1. Standard Test Flame

The Standard Test Flame shall be produced by burning JP-4 fuel.
or 100 octane gaolene in a S inch diameter pan, in an
environment in which the airflow does not exceed 10 feet
per second,

A U.V. source with the equivalent radiation distribution and

intensity may be substituted.

The U.V. source shall satisfy the following requirements

When measured at the front face of the detector, irradiance,
at wavelength 220nm and1,andwidth less than 10 nm, shall not
be greater than 3 x 10 watts/cm

Irradiance at any other wavelength between 270 and 320 nm of
a bandwidth less than 10rwm shall not be greater than
10-7 watts/cm2 .

This satisfies the requirements of a 5" pan fire at a distance
of four feet.

4.3.2. Response Time

The system shall respond within I second when one Detector Unit
is exposed to the Standard Test Flame of pare. 4.3.1. at a
distance of four feet while simultaneously being exposed to
direct unfiltered midday (* 1 hour) sunlight, or its equivalent
in U.V. spectral radiation and intensity.

The Detector Units shall be tested independently at the supply

voltage extremes detailed in para. 4.2.1.

4.3.3. Reset Time

After having been exposed to the Standard Test Flame of para.
4.3.1. for a period of one minute, the flame shall be cut off
from the view of the Detector Unit. The time taken for the
warning to clear shall not exceed 1.5 seconds. The Detector
Unit shall continuously be exposed to direct sunlight during
this test. The test shall be carried out at supply voltage
extremes detailed in para. 4.2.1.

4.3.4. Viewing Field

The Detector Unit shall have a viewing field of at least 80° .
This shall be achieved by exposing the Detector Unit to the
Standard Test Flame of para. 4.3.1. in the following attitudes
and at a distance of four feet.

(a) Detector Unit on a line 40° above the flame centre
viewing along a horizontal axis.
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(b) Detector Unit on a line 400 below the flame centre

viewing along a horizontal axis.

(c) Detector Unit on a line 40° to right of flame centre
viewing along a horizontal axis.

(d) Detector Unit on a line 40° to left of flame centre
viewing along a horizontal axis.

The system shall meet the response tine requirements of para. 4.3.2..

and shall be tested at voltage extremes detailed in pare. 4.2.1.

4.3.5. False Clearing of Alarm

With the system in a warning condition after having been exposed

to the Standard Test Flame of pare. 4.3.1., no re3et shall occur
when 50% of the Test Flame is masked from the view of the
Detector Unit. This test shall be carried out at supply voltage
extremes detailed in pare. 4.2.1.

4.4. Environmental Tests (Sequential)

Environmental tests shell be carried out, where possible, in the
following sequence as defined by MIL-STD-810C. paragraph 4. Table I
for Group 2 equipment, sequence (a).

Prior to any environmental testing, all equipment shall meet the
Acceptance Test Requirements detailed in the following documents

Crew Warning Unit - Graviner Q.Oata Sheet No.Q.5305.

Computer Control Unit - Craviner Q.Data Sheet No.Q.

Detector Unit - Graviner Q.Odta Sheet No.Q.5304.

These tests shall also be carried out where detailed after
environmental tests.

In addition to the above tests, where possible, during the following
environmental tests a minimum of three fire response checks Shall be
carried out in accordance with paragraph 4.3.2.

These checks shall be carried cut, shortly after the beginning of the

test, at the mid point and just priov to completion.

4.4.1. High Temperature

The component parts of the system shall meet the High Temperature
requirements of MIL-STD-810C, Method 501.1, Procedure I, and shall
be unaffected by 48 hours at the following temperatures

Detector Unit 2600C
Computer Control Unit 85 aC

Crew Warning Unit 710C

The equipment shall be energised throughout the test. After the
test the equipment shall meet the performance requirements of
paras. 4.3.2., 4.3.3., and Acceptance requirements of the relevant
Q.Data Sheet detailed in paragraph 4.4.

2 ) 5

I I . L A .. ~ ... -.- "' .** .-.



4.4.2. Low Temperature

The component parts of the system shall meet the Low Temperature
requirements of MIL-STO-810C, Method 502.1, Procedure I and
shall be unaffected by 24 hours at a temperature of -54 C.

After the test the equipment shall meet the performance requirements
of pares. 4.3.2., 4.3.3., and Acceptance requirements of the
relevant Q.Oeta Sheet detailed in paragraph 4.4.

4.4.3. Temperature Shock

The component parts of the system shall meet the Temperature Shock
requirements of MIL-STD-810C, Method 503.1, Procedure 1. and shall
be unaffected by rapid transfer between the following temperatures

Detector Unit 260aC/-540 C/2600C
Computer Control Unit 85aC/-S40 C/850 C
Crew Warning Unit 710 C/-540 C/71aC

After the test the equipment Shall meet the performance requirements
of paras. 4.3.2.. 4.3.3., and Acceptance requirements of the
relevant Q.Oata Sheet detailed in paragraph 4.4.

4.4.4. Altitude

The component parts of the system shall meet the Altitude requirements

of MIL-STO-10C. Method 500.1. Procedure I and shall be unaffected
by periods of 1 hour each at pressures equivalent to 70,000 feet
(1.33 in Hg) and -1000 feet (30.12 ih Hg).

After the test the equipment shall meet the performance rejirements
of pares. 4.3.2., 4.3.3., and Acceptance requirements of the
relevant Q.Oata Sheet detailed in paragraph 4.4.

4.4.5. Temperature/Altitude

The component parts of the system shall meet the Temperature/Altitude
requirements of MIL-STO-810C Method 504.1, Procedure I. for
continuously operating equipment Category 6. and snall De unaffected
by exposure to temperatures of -540 C to 71 C with altitudes up to
70,000 feet.

After the test the equipment shall meet the performance requirements
of pares. 4.3.2., 4.3.3., and Acceptance requirements of the
relevant Q.Oata Sheet detailed in paragraph 4.4.

4.4.6. Sand and Dust

The component parts of the system shall mot the Sand and Dust
requirements of MIL-STO-810C, Method 510.1, Procedure I and shall
be unaffected by 28 hours exposure to Sand and Oust.

After the test the equipment shall meet the performance requirements
of pares. 4.j.2., 4.3.3.. and Acceptance requirements of the

relevant Q.Data Sheet detailed in paragraph 4.4.
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4.4.7. Humidity

The component parts of the system shall meat the Humidity
requirements of MIL-STD-810C, Method 507.1, Procedure I and
shall be unaffected by the following test

10 cycles of -

2 hours to 650 C with 95% RH
6 hours at 6S I with 95% RH

16 hours at 30 C with 85% RH

After the 240 hour test the equipment shall meet the performance
requirements of pares. 4.3.2.. 4.3.3., and Acceptance requirements
of the relevant O.Oata Sheet detailed In paragraph 4.4.

4.4.8. Fungus Resistance

The component parts of the system shall meet the Fungus
Resistance requirements of MIL-STD-810C, Method 508.1, Procedure I.
The equipment and suitable control items shall be sprayed with a ]
mixed spore suspension containing the following cultures

Aspergillus niger Pencillium funicolosum
Aspergillus flavus Chaetomium glooosum
Aspergillus versicolor

The test item shall then be stored under cyclic temperature
an(' humidity condition to include 20 hours at 300C and 95% RH
fullowed by 4 hours at 25°C with 100% RH.

After 7 days the control items shall t. examined and if
satisfactory fungus growth is evident the test shall continue
for 28 days.

After the test the equipment shall be examined for fungus growth

and shall then meet the performance requirements of paras. 4.3.2.
4.3.2 and Acceptance requirements of the relevant Q.Data Sheet
detailed in paragraph 4.4.

4.4,.9. Salt Fog

The component parts of the system shall meet the Salt Fog
requirements of MIL-STO-810C. Method 509.1, Procedure
and shall be unaffected by 48 hours exposure to a Salt Fog
from a 5%, by weight, Sodium Chloride solution.

After exposure, to aid examination the equipment may be washed
in running water, not exceeding 38 C, and then stored at
ambient conditions for 48 hours.

:- The equipment shall then meet the performance requirements of
paras. 4.3.2., 4.3.3.. and Acceptance requirements of the
relevant Q.Data Sheet detailed in paragraph 4.4.

4.4.10. Acceleration

The component parts of the system shell meet the acceleration
requirements of MIL-STD-810C, Method S13.2, Procedure I. and
shall be unaffected by acceleration levels up to 25.5g.

Acceleration shall be applied in each of three mutually perpendicular
planes, in both forward and reverse directions, and shall be held
for , -ninimum of 60 seconds in each direction.
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After the test the equipment shall meet the performance

requirements of pares. 4.3.2.. 4.3.3., and Acceptance

requirements of the relovant Q.Data Sheets detailed in
paragraph 4.4.

4.4.11. Explosive Atmosphere

Not applicable.

4.4.12. Mechanical Shock

The component parts of the system shall meet the shock requirements,

of MIL-STD-810C, Method 516.2.. Procedure t, and shall be
unaffected by shock loads of 20.0g.

The equipment shall be subjected to 18 shock pulses of 20.Og
for a duration of 11.0 milliseconds. 3 shocks In each of 3
mutually perpendicular planes in both forward and reverse
directions.

After the test the equipment shall meet the performance
requirements of pares. 4.3.2., 4.3.3.. and Acceptance requirements
of the relevant Q.Oata Sheet detailed in paragraph 4.4.

4.4.13. Vibration

The component parts of the system shall meet the vibration

requirements of MIL-STD-810C. Method 514.2.

The equipment shall be subjected to the vibration test comprising
a Resonance Search. Functional Test and Endurance Test in each
of 3 mutually perpendicular axes over the frequency range of
5-2000 Hz.

Resonance Search

The equipment shall be subje:ted to a sinusoidal resonance
search in each of 3 mutually perpendicular axes. over the

frequency range of 5-2000 Hz in accordance with MIL-STD-810C.
Method 514.2 Procedure I. at the following vibration levels

Detector Unit

Figure 514.2-2. Curve G for equipment located in engine
compartments.

5-14 Hz 0.10 inch. double amplitude
14-23 Hz I.Og acceleration
23-90 Hz 0.036 inch. double amplitude
90-2000 Hz 15.05 acceleration.

C.C.U. and C.W.U.

Figure 514.2-2. Curve J for equipment mounted in forward

fuselage.

5-14 Hz 0.10 inch. c-,ble amplitude
14-23 Hz 1.0 g acceleration
23-52 Hz 0.036 Inch. double amplitude

52-2000 Hz S.Og acceleration.



Functional and Endurance Test.

The equipment shall be subjected to random vibration in

each of 3 mutually perpendicular axes over the frequency

range of 15-2000 Hz in accordance with MIL-STD-810C,

Method 514.2, Procedure 1A as detailed in Figures 514.2-11A
and 514.2-2A at the following vibration levels

Equipment Test Levels

Maximum P.S.D. g2/Hz

Endurance Performance

I Hour I Hour A

C.C.U. and C.W.U. 0.033 0.025 0.02

Detectors 0.33 0.25 0.04

The endurance test may be eliminated if the Functional Test

is run for 3 hours.

The equipment shall meet the performance requirements of

paras. 4.3.2. and 4.3.3., during the test.

On completion of the vibration test the equipment shall meet

the performance requirements of paras. 4.3.2.. 4.3.3., and
Acceptance requirements of the relevant Q.Oata Sheet detailed

in paragraph 4.4.

4.4.14. Acoustic Vibration

The Detector Unit shall meet the Acoustic Vibration requirements

of MIL-STO-10C. Method 515.2, Procedure I and shall be
unaffected by 30 minutes exposure to a sound pressure level

of 150 dB.

After the test the Detector Unit shall meet the performance

requirements of paras. 4.3.2., 4.3.3., and Acceptance

requirements of Q.Ddta Sheet No. Q.5304.

4.5. Envirorvnental Tests (Non Sequential)

4.5.1. Fuel and Oil Immersion

The Detector Unit shall be immersed in JP-4 Fuel., DERC.2454,

(MIL-T-5624G) and then allowed to drain for a period of
I minute. No cleaning shall be accomplished prior to

conducting the performance tests of peras.4.3.2. end 4.3.3.

This procedure shall be repeated for the following fluids

Turbine Oil DERO 2497 (MIL-L-23699)

Hydraulic Fluid DTD 585 (MIL-H-5606)
j

After the test the Detector Unit shall meet the Acceptance

requirements of O.Oata Sheet No.Q.5304.



4.5.2. Rain Spray

The components parts of the system shell meet the Rain Spray

requirements of MIL-STO-810C, Method 506.1.. Procedure I
and shall be unaffected by a minimum of 30 minutes exposure
to rain spray at the rates detailed In the specification.

After the test the equipment shell most the performance
requirements of paras. 4.3.2.. 4.3.3., and Acceptance requirements
of the relevant Q.Oata Shoot detaied in paragraph 4.4.

4.5.3. Fire Resistance

Two Detector Units shall be used for this test. One Detector

Unit. sonnector and 6' of wiring shell be imersed in a 6
x 1100 C flame. The other Detector Unit shall be positioned
so as to detect the faame but shall not be immnersed in the
flame. The 6" x 1100 C flame shall be supplied by a burner
as detailed in Figure No.2 of MIL-W-25038B. An equivalent
burner which may be used for the test is described in Fig. No.2
of Specification TSO.C79.

The Detector Unit shall be immersed in the 60 x 11000C flame
for a period ot 5 minutes.

The system shall indicate a fire within I second after exposure

to the flame and shall continue to Indicate for the entire
5 minute exposure.

After the 5 minute period the flame shall be extinguished and
the system shall indicate *fire outo within 1.5 seconds.

t~
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APPENDIX B-3

1. EMI TEST PLAN

2. RADIO INTERFERENCE REPORT NO. LM 80876

ii

44

301
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1. FOREWORD

1. 1. Testing Aims

The system to be tested consists of one Control Unit type 53813-203,
one Control Unit type 53813-204, one Crew Warning Unit type
53813-202, five Dual Detectors type 53522-011, five Single
Detectors type 53521-012. The tests to be performed am to
demonstrate the system compliance to MIL-STD-461A, NOTICE 3,
CLASS Al, and MIL-STD-704A.

1.2. Test Methods

1. CEO] Conductod Emission Power Leads 30 Hz to 20K Hz.
(Performed for data purpoes only).

2. CE02 Conducted Emission Signal and Control Leads
30 Hz to 20K Hz.

3. CE03 Conducted Emission Power Leads 100K Hz to 50M Hz.
(Date to be collected from 14K Hz to 100K Hz for
customer Information).

4. CF04 Conducted Emission Signal and Control Leads
20K Hz to 50M Hz.

5. CSOI Conducted Susceptibility Power Leads 30-z to 50Hz.

6. CS02 Conducted Susceptibilty Power Leads 50K Hz to 400MHz (Note 1)

7. CS06 Conducted Susceptibility SPIKE Power Leads.

8. RE02 Radiated Emission Electric Field 14K Hz to 1OG Hz.

9. RS02 Radiated Susceptibility Magnetic Induction Field (Note 3).

10. RS03 Radiated Suwceptibility Electric Field 14K Hz to 10 Hz. (Note 2)

11. Transient Acceptance to MIL-STD-704A. (Category B).

12. Chattering Relay Test (See Section 5).

NO TE I

Signals 50K Hz - 200 M Hz Modulated on I K Hz sine wave (80% modulation).
Signals 200 M Hz - 400 M Hz Modulated on I K Hz square wave
(100% Modulation).

NOTE 2

Signals 50 K Hz - 200 M Hz Modulated on I K Hz sine wave (80% modulation).
Signals 200 M Hz - 1 G Hz Modulated on I K Hz square wave
(100% modulation).

NOTE 3

The procedures and limits of method RSO0(o) and (b) shall apply except
that the voltage E of part (b) shall be 400 volts across 5 ohms.
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1.3. Order of Tests

a) CE03, b) CE04, c) CEO1, d) CE02,

e) CSO1, f CS02, g) RS03, h) RE02.

j) Transient acceptance

k) CS06

I) RS02

m) Chattering relay test.

1.4. Test Controls

All test set ups and techniques are subject to control by MIL-STD-462,
Notice 2.

I
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2. TEST FACILITY

2.1. Test FacilIty for Test Methods I to II

2.1.1. Tests will be performed In scrmned rooms, All power lines
entering screened room will be filtered.

2.1.2. All test equipment will be housed in adjoining screened roan
for radiated tests. All power lines entering screened room
will be filtered.

2.1.3. All connections between screened roons for these tests will
be made via coaxial leads and connectors or via on inter-
connecting screened tube.

2.1.4. Coaxial cable insertion Ioss graphs will be included in the
test report wher measurements above 1OOM Hz are recorded.

2.1.5. Ambient Interference /easurements

Prior to each test an ambient calibration fur Conducted and
Radiated Emission will be performed with the power switches
on and the supply line loaded with an impedance equivalent to
the system under test.

2.1.6. The test facility shall supply a list of what equipment is used in
each test.

2.1.7. The test facility shall supply detailed descriptions of all tes
settings and methods according to MIL STD 462 guide lines.

2.2. Test Facility for Test Methods 7 and 12

2.2.1. Wi. ecription of circuit used to produce pulses that are applied
to A.C. Aircraft supplies for test method C506.

2.2.1.1. The equipment used shall consist of a controlled
timing current which energises a transient voltage
pulse generator having a source impedance of

50 ohm. The pulse is superimposed on the supply
so that It coincides with the peak of the 400 Hz

waveform either positive or negative going.

2.2.2. The test facility shall supply a list of what equipment is used
in each test.

2.2.3. The test facility shall supply detailed descriptions of all test
set ups and methods according to MIL STD 462 guide lines.

C'b
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3. CALIBRATION OF TEST EQUIPMENT

3. 1. Calibration

All equipment used shall be calibrated in accordance with MIL-C-45662
at Intervals of six months.

3.2. Accuracy

Frequency When a more accurate measurement than t 2% of
th Indicated frequency of the EMI Receiver is
required a frequency counter will be Ld.

Amplitude All amplitude measurements will be within t 2 dB
of the Indicator value.

I
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4. OPERATION OF THE SYSTEM AND OTHER INFORMATION

REQUIRED IN PERFORMING THE E.M.C. TESTS

4. 1. OpBErtion of the stem k.
4.1.1. Condition I STANDBY

This condition Is when the IV source Is switched off and the "FIRE"
and "FIRE DET FAIL" indicators are not Illuminated. For CE03 and
RE02 a transient condition should be applied by depressing fire test
switch periodically during test at a rate of at least 3 operation/
resets per octave.

4.1.2. Condition 2 FIRE

This condition is when the L source is switched on and the "FIRE"
indicators are illuminated on the crew warning unit.

4.1.3. Test Facility

In condition I a confidence check can be carried out by I
depreuing the "FIRE DET TEST" swtch which illuminates both
which illuminates the "FIRE DET FAIL" indicators.

4.2. Susceptbillity Criteria

The criteria for SusceptiblIty/Non-Susceptibility will be a follows:-

Condition 1Ilumlnatlon of any Crew Warning Unit "FIRE" and
"FIRE DETECT FAIL" indicators.

Condition 2cancellation of either "FIRE" indicators.

General, permanent extinction of head emitters when fire test button is
depresed.

4.3. Signal and Control Leads to be measured for Conducted Emission

The following leads will be classified as signal and control leads for the
Electromagnetic Compatibility Tests:

All leads from Detectors to Control Unit A.

All leads from Detectors to Control Unit B.

Load from Crew Warning Unit Pin I to Control Unit A Pin 34
Lead from Crew Warning Unit Pin 2 to Control Unit A Pin 33
Leoad from Crew Warning Unit Pin 9 to Control Unit A Pin 31
Lead from Crew Warning Unit Pin I I to Control Unit A Pin 30
Lead from Crew Warning Unit Pin 10 to Control Unit B Pin 31
Lead from Crow Warning Unit Pin 12 to Control Unit B Pin 31
Lead from Crew Warning Unit Pin 3 to Control Unit B Pin 34
Lead from Crew Warning Unit Pin 4 to Control Unit B Pin 33
Lead from Control Unit A Pin 35 to Control Unit B Pin 18

The leads will be teited oso bunch. The longest cable to a dual head will
be tested. The longet cable to a single hood will be tested.



4.4. Power Leads to be Tested:

The following leads will be classified as power leads for the
Electromagnetic Compatibility Tests:-

115V 400 Hz. Line to Control Unit A Pin 14
115V 400 Hz. Neutral to Control Unit A Pin 13
11V 400 Hz. Line to Control Unit A Pin 17"
115V 400 Hz. Neutral to Control Unit A Pin 16"
1I5V 400 Hz. Line to Control Unit B Pin 14
115V 400 Hz. Neutral to Control Unit B Pin 13
28V d.c. Positive to Control Unit A Pin 12
28V d.c. Negative to Control Unit A Pin 29
28V d.c. Positive to Control Unit B Pin 12
28V d.c. Negative to Control Unit B Pin 29
28V d.c. Positive to Crew Warning Unit Pin 6

Not to be monitored in CE01, 02, 03, 04 Tests.

4.5. Power Lead Test for Conducted Susceptibility

All live or positives of 4.4 (with the exception of those marked')
to be tested with respect to the relevant neutral or negatives and
with respect to earth or by series injection as appropriate.

All neutrals or negatives of 4.4 (with the exception of tha marked )
to be tested with eect to earth or by series injection as appropriate.

4.6. Power Lead Connections for Transient Acceptance

For purpose of transient acceptance tests power cables will be linked
as follows and treated as a single cable.

1) 115V 400 Hz. Line to Control Unit A Pin 14
115V 400 Hz. Line to Control Unit A Pin 17
115V 400 Hz. Line to Control Unit B Pin 14
are all linked together.

2) 115V 400 Hz. NEUTRAL to Control Unit A Pin 13
115V 400 Hz. NEUTRAL to Control Unit A Pin 16
115V 400 Hz. NEUTRAL to Control Unit B Pin 13
are all linked together.

3) 28V d.c. POSITIVE to Control Unit A Pin 12
28V d.c. POSITIVE to Control Unit B Pin 12
28V d.c. POSITIVE to crew warning unit Pin 6
are all linked together

4) 28V d.c. NEGATIVE to Control Unit A Pin 29
28V d.c. NEGATIVE to Control Unit B Pin 29
are all linked together.

iIL



4.7. Grounding

4.7.1. The Control Unit and detectors shall be bonded to the
Ground plane via short brass straps or bradlng strops,
using dagger pins and retaining screws to simulate
aircraft installation.

4.7.2. Bonding between the control unit and the ground plane
must be equal to or less than 2.5 milliohms DC resistance,
and must be recorded as data in the report.

4.7.3. The Control Unit Pin 15 will be bonded to the Ground
plane via the shortest practical length of wire.

4.7.4. The negative lead of the 28V d.c. supply will be bonded

to the Ground plane from the screened room wall terminal.

4.8. Lead Length

4.8.1. The screened leads from the control unit to the detectors
will be 60 ft an one detector and 20 ft an the remaining
four detectors for each system.

4.8.2. The leads from the control units to the crew warning unit
shall be 15 ft.

4.8.3. The power leads to the control units will be a nominal
3 ft long for the conducted tests and 6 ft for radiated tests.

5.0. Chattering Relay Test

No change in Indications, malfunctions or degradation in performance
shall be indicated in any equipment and/or its load when exposed to I'
an impulse type electromagnetic field generated by a type MS 25271
relay (or an acceptable equivalent) when wired for continuous
operation with a switch in series with the positive side of the line n
from a 28V d.c. power source. No suppression components
(shielding diode etc.) shall be attached to the relay or its wiring.
The unshielded positive leoad leaving the switch shall be laid over
three sides of the test sample and then connected to the relay.
The unshielded return lead from the relay shall be taped to and in
parallel with input power leads, signal leads and interconnecting
leads. The total length of each external wiring harness parallel
with the relay circuit shall not be less than 60". The 28 volt input
shall be reversed and the transient repeated.

xlO
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Circii'at ion

GRAVINER 6

A.R. Sharp

File

Summary

The Graviner Advanced Aircraft Fire Detection system was tested to Test Plan

31.3.80 issue 4. The system comprised of two control units types 53813-203

and 53813-204, one Crew Warninp Unit type 53813-20?, five Dual Detectors tvpe

535PP-011 and five Single Detectors type 53521-012. 4
The tests were performed to demonstrate the system compliance to MIL-STD-40IA,

Notice 3, Class Al and MIL4-STD-704A.

The equipment complies with the requirements of the following teats:-

CE.01 3OHz to 20KRz Conducted Emissions Narrowband Power leads.

CE.02 30Hz to 20KHz Conducted Emissions Narrowband Signal and Control leads.

CE.03 10OKz to 50MHz Conducted Emissions Broadband and Narrowband Power

leads. Condition I Standby, and Condition ? fire.

RE.0? 14Kz to 1GHz Radiated Emissions iroadband Condition I Standby.

RE.02 14KHz to lOflHz Radiated Emissions Narrowband Condition 1 Standby,

and Condition ? fire.

CS.0l Conducted Susceptibility Power leads 30Hz to 50KHz

CS.O? Conducted Susceptibility Power leads 50a.Hz to 400MHz

RS.03 Radiated Susceptibility 14KHz to 1GHz.

The equipment has emissions outside the specified broadband limits in the

followinr tests:-

4."

1 -1



CE.03 Fire detect test transients.

The following leads showed transient emissions out of limit caused by the

operation of the fire detect test switch on the Crew Warning Unit.

115V line Control A pin 14 7MHz, 1OMHz, 15H~z and 20MHz

115V Neutral Control A pin 13 5MHz, 7?MHz, IOMHz, 15MHz and 2OHz

28V dc Positive Control A 30KHz, 15KHa and 2OMHz

28V dc Negative Control A 15Kz and 20101

115V Neutral Control B 5MHz, ?MHz, 1OMHz and 15MHz

28V dc Positive Control B 71Hz, 1OMHz, 15MHz and 20MHz

28V de Negative Control B 2OHz

Z8V do Positive C.W.U. 500KHz, 700KH, 10z, 1,50z, 2.04Hz

3MHz, 4MHz, 5MHz, 71z, 1OHz, 15MHz

2011z.

CZ.04 20K0z to 5OMHz Conducted Emissions Signal and Control leads.

Condition 1, Standby.
Bunch 1, (All leads, Detectors, Control Units, Crew Warning unit excluding
Power supplies). Transient emissions caused by "detector self test check",

out of limits between 450KHz and 9.51z.

Bunch 2, (Single detector long cable bunch). Emissions out of limit as above

between 450KHz and 10.51Hz.

Bunch 3, (Dual detector long cable bunch). Emissions out of limit as above

between 650KHz and 4.OMHz.

Condition 2, Fire.

Bunch 1, (All lead, detectors, Control Units, crew warning unit excluding

power sup- es). Emissions caused by "detection of fire" above the limit

between 45OeJz and 1OMHz.

Bunch 2, (Single Detector long cable bunch). Emissions out of limit as above

between 50011z and 14MHz.
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Bunch 3,(Dual Detector long Cable bunch) Vnissions out of limit as above

between 550KHz and 8MHz.

RE.02 Radiated Emissions Electric Field 1410z to I0GHz.

Fire Detect Transients.

The following frequencies show transient emissions out of limit caused by

the operation of the fire detect test switch on the Crew Warning Unit.

20KHz, 30KHz, 45Kz, 65Kmz,8OKHz, IOKHz, 150KHz, .OOKHz, 1MHz, 3MHz,

4'Hz, 10MHz, 40MHz and 150MHz.

Condition 2 Fire.

The radiated emissions were marginally above the limit between 14KHz and 20KHz

and 5.75MHz and 6.5MHz.

The transient voltage and spike tests undertaken at Lucas Aerospace Ltd.,

Bradford are detailed in a separate report included within this report.

See appendix No. 5.
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Tntroduction

This report details E.M.C. tests carried out on the Graviner Ltd., Advanced

Aircraft Engine Fire Detection System. The tests described herein were carried

out in accordance with the Graviner Ltd., Test Plan No. 31-3-80 issue 4.

The tests described in this report were carried out at Lucas Aerospace

facilities at Hemel Hempstead and Sradford.

Equipment Under Test

Ultra Violet Advanced Fire Detection Control Unit Pt. No. 53813-20P3

Serial No. 100.

Ultra Violet Advanced Fire Detection Control Unit Pt. No. 53813-204

Serial No. 100.

Crew Warning Unit Pt. No. 53813-202 Serial No. 100.

5 off Single Detector Units Pt. No. 53521-012.
5 off Dual Detector Units Pt. No. 53522-011.

Associated Equipment.

Aircraft cable form

Neon lights

Gnd *eat box.

Fibre optic cables for system warning lamps.

Test Eculme nt

Stoddart 91550-1 current probe Ser. No. 421/130
Stoddart 91197-1 current probe Ser. No. 218

Electro-Mer rice CIG.5 impulse generator

Fairchild PCL-10 current probe + PCLIOA amplifier Ser. No. 471

E'lectro-"etrics Antera Selector SU125 Ser. No. 143

Fairchild RV R 25 Rod antenna and coupler 5er. No. 6-23
Fairchild BIA PS Siconical antenna Ser. No. 6-?1
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Test Equipment (Cont'd)

Stoddart 93490-1 Conical log-spiral antenna..

DICO 3103 Conical log-spiral antenna Ser. No. 2127

E4CO 3105 Double Ridged Guide Antenna Ser. No. P091

Electro-Metrics Log periodic antnnna LA-70

Lucas manufactured mono-conical antenna

I.F.I. EG 2 broadband antenna 39r. No. 34

Solar 6552 audio amplifior

Solar 62201A audio transformer

Solar 6512 10uF Feedthrough ca&pacitors 9 off

Dubillier SBC 45 10uF feedthrough cpacitors 2 off

Marconi V.T.V.H. TF 2604 Sor. No. 200933/037

Marconi T.F.200 Signal Generator 5er. No. 54706/14

Marconi ?.F.044H Signal Gonerator Sr. No. 53698/12

Marconi ?.F. 801D/I Signal Generator Ser. No. 535q9/24

Marconi V.T.V.M. T1041B Sor. No. JA217/484

Fairchild DLCWOE Measuring Set Sero No. 10471E

Electro-Metrics E4C25 MU( III Measuring Sot Ser. No.366

Stoddart NM65T Measuring get er. No. 145.

Electro-Hetrics Programmer ESC 125A Ser. No. 146

Electro-Metrics X-Y plotter 125B Ser. No. 003

I.F.I. LPA Levelling pre-amplifier Ser. No. 0374942.

I.F.I. EFS1 E-Field Sensor 2 off

I.F.I. LMT Light Modulator/Transmitter 2 off

Bird 8135 termaline co-axial resistor 8er. No. 6829

Radial AdB pad 15 watt.

T.F.I. Wideband amplifier Ser. No. 0374936

Coupling capacitors Lucas 1.OuF, O.luF and O.Olu?

2 off fibre optic cables

AKL C703 power signal generator 5er. No. 125

AML 7050H plug-in-hoad 00-45 Hz 8er. No. 119

AML 7051 AH plug-in-head 45O-750mUz 8cr. No. 104

AML 7051SH olu/-in-head 750-1CHz 5er. lio. 105.
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Lucas high pass filter (400Hz isolation)

Lucas 25uH choke.

Texncan filters:- MCD ALE 33OAR Ser. No. PR8-1

M:OD 6LE 494AB Ser. Nio. 2,8-1

MOD 6LE 741AB Ser. No. P890-1

MOD 6LD 1111AB Ser. No. 2891-1

Solar 701-1 phase Shift network

Solartron 1484 True PY'S voltmeter Ser. No. 137366

E.H.C. Tests General

The tests were carried out in a screened enclosure as described in the test

plan. Interconnection cable assemblies simulated the actual installation

and ume. Leads that are screened in the normal installation were screened

in the test installation. As far as rosible, cables and equipments were

rranged so that no shieldir was interposed between the test sample, cables,

and measuring antennas. All leads and cables were within 10 * ? cm of the

edge of the ground plane and approximately 5 cm above the ground plane.

Grounding of the system units was accomplished by copper braid attached to

a single ground point. All the ground straps had an impedance of between

0.75 mohio and I mohm.

The test nample layouts are shown in anpendix 1.

Scr-.enod Room Siles

The 115V s.c. 400Hz Supplies and the 28V d.c. Supplies were brought into the

screened room via filters located within the screened room walls,
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E.N.C. Test CE.03

Conducted emissions Power leads IOKHz to 50Kiz.

Test equipment.

a) Current probes Stoddart 91550-1 and Q1107-1

h) Electro-Metrics D4C25 MK.III measuring set Ser. No. 366
c) Ten microfarad capacitors.

d) Electro-Metries Programmer ES'C 25A.

Test Schedule.

The E.M.C. test was conducted in accordance with the requirements of

MIL-STD-461A Notice 3 and MIL-STD-462 Notice 2, test C O.O3Input power

supplies to the test items were connected via IOuF feedthrough capacitors

bonded to the ground plane. There was a minimum separation between cables,

leads and the ground plans of 5 cm. The length of each power lead between

the test sample and the 1OuF capacitor was a minimum of one metre. The

arrangements for the test are illustrated in appendix I Fig. No. I. The

power leads which were separately measured for conducted emissions were as

follows:-

115V 40OH, Line to Control Unit A Pin 14

115V 400Hz Neutral to Control Unit A Pin 13

28V d.c. Positive to Control Unit A Pin 12

28V d.c. Negative to Control Unit A Pin 29

115V 400Hz Line to Control Unit B Pin 14

115V 4WOfz Neutral to Control Unit B Pin 13

28V d.c. Positive to Control Unit B Pin 12

28V d.c. Negative to Control Unit B Pin 29

28V d.c. Positive to Crew Warning Unit Pin 6

r L. . . . .. . .
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Each lead was subjected to 3 modes of test as follows:-

Condition 1. STANDBY.

Where the U.V. source is switched off and the 1FIRE"' and "FIRE DET FAIL"

indicators were not illuninated.

Condition I (a).

Test samples were set as for STANDBY.A Transient condition was applied by

depressing the fire test switch periodically at a rate of approximately 3

operation/resets per octave.

Condition 2 FIRE.

Where the U.V. source was switched on and the "FIRV" indicators were

illuminated on the crew warning unit.

Test Results

The test results are contained in appendix 2, the appendix contains X-Y

plot data of the conducted emissions on each power line listed in the schedule.

Page nos. 1 to 9 inclusive appendix 2 detail the cnnducted emissions when the

system was operated in conditions I and I (a).

At no frequency are there emission above the limit when the system is

operated in Standby, condition 1.

When the system was operated in condition 1(a) the following above limit

emirsions were recorded.

4,,
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LEAD X-Y PAGE NO. FREQUENCY dB ABOVE LIMIT

115V Line Control A 1 5.OMHi 0.5
" " " A 1 7.OM2 5.0

" " " A 1 1O.0f -35
" " " A I 15.0MHz 3.0
of" A I 2000 z 1.0

115V Neutral Control A 2 5.0MHz 1.5

2 7.OMHz 8.5

2 lO.OHz 9.0

" " " " 2 15,0?wz 8.5
f o " i 2 20.OM z 4.0

28V d.c. Positive Control A 3 30.OKz 0.5

3 85.oKHz 0.5
" " " " 3 15.0MH 4.0

f " " " 3 20.OwZ 6.5

28V dc Negative Control A 4 15.-OVA 5.0
of " " 4 2C.01iZ 10.0

115V Neutral Control B 6 7.OMHz 10.0

" " i " 6 10.OM z 12.0
" " " " 6 15.OMHz 12.0

28V dc Positive Control B 7 7.OMHz 1.0

7 " , , t 10.0MHz 0.5
i " " 7 15.0MHz 8.0
" t " " 7 20.OMHz 5.0

28V de Negative Control 8 8 PO.OMHZ 2.0

28V dc Positive C.WI.U. 9 500KHz 4.0
9 "' " " 9 700K0z 1.5

9 1.0THZ 7.0
" " " 9 1.5MWz 5.0

i " " 9 P.OMz 9.0

" " " " 9 3.OlHz 2.0
o t " o 9 .4.t Hz 5.0

" " " ' 9 5.0MRz 5.0

9 7.OMHz 4.0
" " " 9 7 ,4 10.OMRz 14.0

" " " " 9 15.OMz 5.0
" " " q2 Y , to
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Pape Non. 10 to 18 inclusive &pp. 2 detail the power lead conducted

emissions when the system is operated in condition 2 "FIRE".

The X-Y plots show that there are no emissionA above the limit.

Throughout all modes of system operation there were no narrowband emissions

and therefore the system meets the narrowband requirements.

I' I
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EMC Test CZ.4

Conducted emissions Signal and Control leads AOKHz to 50Mz.

Test equipment.

a) Current probes Stoddart 91550-1 and 91197-1

b) Electro-Metrics EMC-25 M.III measuring set Ser. No. 366
c) Ten microFarad capacitors

d) Electro-Metrics programmer ESC 25A.

Test Schedule.

The E.M.C. test was conducted in accordance with the requirements of
HIL-STD-+61A Notice 3 and MIL-STD-162 Notice 2, test CE.04 Input power
supplies to the test item. were connected via lOuF feedthrough capacitors

bonded to the ground plane. There was a minimum separation between cables,
eleads and the ground plane of 5 cm. The length of each power lead between

the test sample and the 10uF capacitor, was a minimum of one metro. The

arrangements for the test are illustrated in anpendix 1 Fig. No. 1. Thecontrol and sinllead buce eeseparately measured for conducted

emissions as follows.-

Bunch 1, All leads, Detectors, Control Units, Crew Warning Unitexcluding

power supplies.

Bunch 2. Single detector long cable bunch.

Bunch 3. Dual detector long cable hunch.

Each bunch was subjected to 2 modes of test as follows:-

Condition 1 STANDBY.

Where the U.V. source is switched off and the "FIRE" and "FIRE DET. FAlL11
indicators were not illuminated.
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Condition 2 FIRE.

Where the U.V. source was switched on and the "FIRV" indicators were

illuminated on the crew warning unit.

Test Results.

The test results are contained in appendix 2, the appendix contains X-Y

plot data of the conducted emissions on each bunch listed in the schedule.

Page nos. 19 to 21 app. 2 inclusive detail the conducted emissions when

the system was operated in condition 1, Standby.

The X-Y plot on page 19 app. 2. Bunch 1, shows transient emissions above

the limit between 450KHz and 9.5MHz. The maximum emission above the limit

is 25dB between 2.3 and 2. 41Hz.

450KHz and 11.75MHz. The maximum emission above the limit is 22dB between

2.3 and 2.4MHz.

Page ?1 app. 2, Bunch 3, shows transient emissions above the limit Setween

600KHz and 800K{z,and between 1.2M~z and 4MHz. The maximum emission above the

limit is 25dB between 2.3 and 2.4MHz.

Page nos. 22 to 24 app. 2. inclusive detail the conducted emissions when the

system is operated in condition 2, Fire.

The X-Y plot on page 22. app.2, Bunch 1, shows emissions above the limit

between 450KHz and 10MHz. The maximum emission above the limit is 27dB

between 2MHz and 2.2Mz.

The X-Y plot on page 23. anp.?, Bunch 2, shows emissions above the limit

between 480KHz and 610KHz, and between 850KHz and 13? 4z. The maximum emission

above the limit is ?0.5 dB between 2.051Mz and 2.3Hz.

The X-Y plot on page 24, anp. 2, Bunch 3, shows emissions above the limit

between 580KHz and 670KHz, hetween 1 Hz and 5MHz, at 6.6v{z and at 7.8MHz.

The maximum emission occurs at 2.1MHz and is 28.5dB above the limit.

Throughout the two modes of system operation there were no narrowband emissioas

and therefore the system meets the narrowband requirements.

-i
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E.M.C. Test CE.O1

Conducted emissions Power leads 30Hz to OKHz.

Test Equipment.

a) Current Probe PCL-10

b) PCL IOA Amplifier for use with (a).

c) Electromagnetic Interference Meter Fairchild EMC1OE

d) 10uF feedthrough capacitors

e) Electro-Metrics Programmer ESC 25A.

Test Schedule.

The E.M.C. test was conducted in accordance with the requirements of

MIL-STD-461A Notice 3 and MfL-STD-462 Notice 2 test CE,01. Input power

supplies were connected to the test items via 1OuF feedthrough capacitors

bonded to the ground plane. There was a minimwu separation between leads,

cables and the ground plane of 5cm. The length of each power supply lead

between test sample and the 1OuT capacitor was a minimum of one metre.

The arrangements for the test are illustrated in appendix 1, fig. No. 1.

The power supply leads which were separately measured for conducted emissions

were as follos:-

115V 400Hz line to Control Unit A Pin 14

115V 400Hz Neutral to Control Unit A Pin 13
118V dO Posit rae to Control Unit A Pin 1
28V dc Positive to Control Unit A Pin 12
2V de Negative to Control Unit A Pin 29

115V 400Hz Line to Control Unit B Pin 14

115V d0oHz Neutral to Control Unit B Pin 1

28V dc Positive to Control Unit B Pin 12
28V dc Negative to Control Unit B Pin 29

28V do Positive to Crew Warning Unit Pin 6.

Each lead was subjected to 2 modes of test as follows:-

Condition 1 STANDBY. 3 k

Where the U.V. source is switched off and the "Fire" and "Fire Det. Fail"

indicators wero not illuminated.
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Condition 2 FIRE.

Where the U.V. source was switched on and the "FIRE" indicators were

illuminated on the crew warninp unit.

Test Results.

The test Results are contained in appendix 2, the appendix contains-X-Y

plot data of the conducted enissions on each power line listed in the

schedule. Page noe. 25 to 33 app. 2 inclusive detail the conducted emissions

when the system was operated in Condition 1. At no frequency were there

narrowband emissions above the limit when the system was operated in

Condition 1, STANDBY.

Page nos. 34 to 42 inclusive appendix 2 detail the power lead conducted

emissions above the limit when the system was operated in condition 2 "FIRE".

The X-Y plots show that there are no narrowband emissions above the limit.

ii 4
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E.N.C. Test CE.02

Conducted emissions signal and control leads 3OHz to 20K01.

Test equipment.

a) Current Probe PCL-1O

b) PCL 10A Amplifier for use with (a)

c) Electromagnetic Interference Meter Fairchild EMC1OE

d) Electro-metrics Programmer ESC 25A.

Teat Schedule.

The E.M.C. test was conducted in accordance with the requirements of

MIL-STD-461A Notice 3 and MIL-STD-462 Notice 2, test CE.02. Input power

supplies were connected to the teat items via lOuF feedthrough capacitors

bonded to the ground plane. There was a minimm separation between cables,

leads and the ground plane of 5cm. The length of each power lead between the

test sample and the lOuF capacitor was a minimum of one metre. The arrangements

for the test are illustrated in appendix 1. Fig. No. 1. The control and

signal lead bunches were separately measured fo. conducted emissions as

follows :-

Bunch 1, All leads, Detectors, Control Units, Crew Warning Unitexcluding

power supplies.

Bunch 2. Single Detector long cable bunch.

Bunch 3. Dual Detector long cable bunch.

Each bunch was subjected to two modes of test an follows:-

Condition 1. STANDBY.

Where the U.V. source was switched off and the "FIRE" and "FIRE DE. FAIL"

indicators we-. not illuminated.

Condition 2. FIRE.

Where the U.V. sourc& was switched on and the "FIRE" indicators were

illitmirated on :he crow warning unit.
3 C
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Test Results.

The test rprulta are contained in anpendix 2, the anpendix contains X-Y

plot data of the conducted emissions on each b:inch listed in the schedule.

Page nos. 43 to 45 app. 2. inclusive detail the conducted emissions when

the system was operated in condition 1 Standby. Page nos. 46 to 48 app. 2

inclusive detail the conducted emissions when the system was operated in

condition 2 Fire. No X-Y plot shows narrowband emissions above the limit.

i
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E. t.C. TEST RE. 02

Radiated Emission 14KHz to 10GHz Electric Field.

Test equipment.

a) Test antennas 41" Rod, Bi-conical, Conical Log Antenna, Double ridged

guide Antenna.

b) E.M.I. meters EMC 25 and NM65T

c) Electro-metrics programmer ESC25A

d) 0"u feedthrough capacitors.

Test Schedule.

The E.M.C. test was conducted in accordance with the requirements of

HIL-STD-461A Notice 3 and KIL-STD-462 Notice 2, test RE.02. Input power

supplies to the test items were connected via 1Ou? feedthrough capacitors 3
bonded to the ground plane.

There was a minimum separation between cables, leads and the ground plane

of 5cm. The length of each nower lead between the test sample and the 1Ou?

capacitor was a minimum of two metrem. The arranrements for the test are

illustrated in appendix 1. Fig. nos. 2, 3, 4 and 5. The system was tested

in three modes as follows:-

Condition 1. STAMD3Y.

Where the U.V. source has switched off and the "FIRE" and "FIRE DET. FAIL"

indicators were not illuminated.

Condition 1(a).

Test samples were met up as for STANDBY. A Transient condition was applied by
depressing the fire test switch periodically at a rate of approximately 3

operation/resetn per octave.

332
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Condition 2. FIRE.

Where the TJ.V. source was switched on and the "FIRE" indicators were

illuminated on the crew warninp unit.

Test Results

The teat results are contained in appendix 2, the appendix contains X-Y

plot data of emissions in all three modes of operation.

Page 49 and 50 show the radiated broadband eminsions from 14KHz to 10Hz

when the system was operated in modes I and I (a).

In mode I, Standby the only emissions above the limit occur at 15KHz and

16KHz where the levels are both 0.5 dB above the limit. There were no

narrowband emissions exhibited on the X-Y plot.

In mode 1(a) the following above limit transient emissions were recorded.

X-Y PAGE NO. FREQUE;CY dB ABOVE LII4T

49 1 10(z 3

49 20KHz 12.5
49 30KHz 13

49 45KHz 14.5

49 (,5KHz 15

49 80KHz 12

49 100KHz 9.5

49 1 ',OKHz 2.5

49 200KHz 8.5

49 1M'z 1,5

49 3MUz 6

49 4HWz 7

49 10MHZ 5

49 4OHz 2

50 15OMHz 2

4.
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Graph nos. 51 and 52 show the n&rrowband X-Y plot 1-10GHz for when the

system was operated in "Standby". There are no naArrovband emissions.

The emissions above the limit shown on band I are b-oadband.

The X-Y plots on pages 53 and 54 show the radiated broadband emissions from

14KHz to IHz, when the system was operated in mode 2 "Tire".

The radiated emissions above the limits occur at between 14KHz and 18KHz,

and 5.75MHz and 6.61Hz. The maximum emission occurred at 6.4,Hz, where

the level wase 6dB above the limit. There were no narrowband emissions

exhibited on the X-Y plot. Oraph nos. 55 and 56 show narrowband X-Y plot

1-10GHz for when the system was operated in "Fire". There were no narrowband

emissions. The emissions above the limit shown on band I are broadband.

'I
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E.M.C. Test CS.01

Conducted Susceptibility, 30Hz to 50KHz. Power leads.

Test equipment.

a) Oscillator Marconi TF 2000 & TF14k/H

b) Power Amplifier Solar 6552-1

c) Isolation Transformer Solar 6220-IA

d) 4OOu capacitor

e) Marconi V.T.V.M. TF1941B

f) Solar Phase Shift network.

Test Schedule.

The E.M.C. test wa conducted in accordance with the requirements of

MXL-STD-461A Notice 3 and MIL-STD-462 Notice 2, teat 08.01. Input power

supplies were connected to the test items via a lOuF feedthrough capacitor

bonded to the ground plane. The arrangement for the teat is shown in fig.

6. appendix 1. The system was tested in two modes of operation as follows:-

Condition 1. STANDBY.

Condition 2. FIRE.

Teat Results

When the initial test results were undertaken it was found that when any
rd.c. lead of the system was tested in condition 1, STANDBY there were

malfunctions. The malfunctions were identified by either or both the Fire

warning lights illuminating. The susceptibility occurred between 3.5KHz and

50KHz.

After investigation, (both CS.01 and CS.O. teat methods), the following

modifications were made to the syatem.

46
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1) The screen of the detector leads was in each case grounded at the

control units and not as originally at the detectors.

2) The common logic cards power supply input filters in.both control

units were modified by including two 6.8uF capacitors between the

28V d.c. positive and nepative leads to ground. See figure 1.,

appendix 3.

3) The drive supply cards, (two in control unit A.and one in control

unit B), were modified by decoupling the 1OKohm resistors R25, 127,

R2q, R31, R49, R51, 253, and R55 with 10,000 n.F. caoacitors. See

figure 2, appendix 3.

Note: After the susceptibility tests were completed the emission tests

were repeated and where necessary the X-Y plots were re-plotted. The

emission results given in this report are the final levels obtained after

the above modifications had been engineered into the system.

With the system modified as detailed above there were no malfunctions

throughout test CS.01 on any lead in either of the twio nodes.

ri
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EoM.C. Test CS.02

Conducted Susceptibility 50KHz to 4OOMHz. Power leads.

Test equipment.

a) Marconi VTVM TF 1041B

b) Marconi VTVM T1 2604 I
c) Solar 6512 1OuF feedthrough capacitors.

d) Marconi Signal Generator TF 144H/4

e) Marconi Signal Generator TF 801D/1

f) IFI LPA1 Lervelling pre-amplifier

g) Radiall 6dB oads

h) Marconi 50 ohm load TM5582

i) Lucas coupling capacitors 1.OuF, O.luF, and O.01uF

J) Lucas high pass filter (400Hz isolation)

k) .F1 Widsband amplifier

1) A.M.L. C203 power signal generator

m) A.X'.L. 7050H plug in head 200-450MHz

n) 25uH choke (frequency limit 1PMz)

o) Texscan Filters

Teet Schedule.

The E.M.C. test was conducted in accordance with the requirements of I
MIL-STD-461A Notice 3 and MIL-STD-462 Notice P, test CS.02. Input power

supplies were connected to the test items via a 1OuF feedthrough capacitor

bonded to the ground plane. The arranpeamnts for the tent are shown in

fig. 7 appendix 1. The system was tested in two modes as follows:

4.7
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Condition 1. Standby.

Condition 2. Fire.

Note the susceptibility signal was modulated to Graviner Test Plan 3.3.80

issue 4 requirements.

Test Results.

After the modifications detailed in the CS.O1 test were incorporated in the

system there were no malfunctions throuphout the CS.O? test, on any lead in

either mode.

338
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E.M.C. Test RS.03

Radiated Susceptibility 1 4KHz to 1GH2 Electric Field.

Test equipment.

a) I.F.I. LPA 1 Levelling pre-amplifier

b) FFS.1 E-field sensors 2 off

c) IFI Light Modulator/TraImitter

d) Bird Termaline co-axial resistor.

e) IFI Wideband amnlifier

f) Fibre optic cables

g) A.M.L. C?03 power signal generator

h) A.M.L. Plug in heads 7c5CH, 7051AH, ?051BH 20OMOz-IGHz

i) ENCO 3103 Con. Log. spiral antenna 100-1000IMz

J) IFT Rroadband antenna 10KHz- 0O=z

k) Marconi Signal Generators TF144/, TF801/D
1) Stoddart Con. Log spiral antenna 93490-1

m) Stoddart Con. Log spiral antenna 93491-2

n) EMC 25 measuring set

o) Texacan Filters MOD 6LE 330AB, MOD 6LE 4948, 1:OD 6LE 741AR and YOD
6LD 1111AB

Test Schedule.

The E.M.C. test was conducted in accordance with the requirements of

MIL-STD-461A Notice 3 and MIL,-S?!-462, lotice 2, test RS.03. Input power

supplies were connected to the test via a 1OuF feedthrough capacitor

bonded to the ground plane. The .- ; I for the test are shown in

figs. 9 and 10 appendix 1. The a-. as tested in two modes as follows!-

339
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Condition 1. Standby

Condition 2. Fire.

Note the susceptibility signal was modulated to Oraviner Test Plan 3.3.80

issue 4 requirements.

Test results.

In condition 1, Standby there were several susceptibilities to the general

E-field as follows:-

Frequency Threshold Malfunction

118' iz 7 v/m Right Eng. Fire det. fail lamp illuminated.

121.5MUz 10 v/m 9 " " 99

124MHz 10 v/m " " ""

193MHz 8.5 v/m Left Eng. Fire det. fail lamp illuminated.

20OMHz 10 V/M " " " " " 99

At no frequencies were there malfunctions of the system when the specified

E-field level was transmitted.

There was no susceptibility to the radiated E-field when the system was

tested in condition 2 fire.

340
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Conclusions

With the system modified as described in the report text, see figs. I and

2 appendix 3, the following test results were noted.

E.M.C. Test CE.03

There were no narrowband emissions detected during the test in the two modes

of operation therefore the system complies with the CE.03 narrowband

requirements. There were no broadband emissions above the limit when the

system was operated in condition I, STANDBY.

In condition 1(a) where transient emissions were recorded when the fire test

switch was depressed and reset, there were many emissions above the broadband

limits. The table in the CE.O results details all the leads and frequencies

when the transient emissions were above the limit. The major emissions above

the limit are an follows:-

LEAD X-Y PAGE NO. FREQUENCY dB ABOVE LIMIT

115V Neutral Control A 2 7.OM}z R.5

" of " " 2 10.Oz 9.0

to of 2 15.0OMz 8.5

28V dc Positive Control A 3 20.OMHz -5

28V dc N:egative Control A 4 20.OMHz 10.0

115V Neutral Control B 6 7.OMHz 10.0
t o o " 6 10.O0141Z 17.

6 15.OMHz 12.0

28V dc Positive Control B 7 15.OMHz 8.0
28V dc Positive C.W.U1. 9 1.0MHz 7.0

0 " t 9 2.0MHz 9.0
S o t 9 10.OMHz 14.0

Although the above table details emissions which are mipgnificAntly above

the limit, as they are of a transient nature and the repetition rate low

they would not in the opniion of the Lucas Aerospace E.M.C. personnel cause

a serious E.M.C. hazard.
341
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In condition 2, Fire, there were no broadband emissions above the limit

on any lead.

E.M.C. Test CE.O4.

There were no narrowband emissions detected during the test in the two

modes of operation therefore the system complies with the CE.04 narrowband

requirements.

There were broadband emissions above the limit when the system was tested

in condition 1, Standby as follows. Bunch 1, all leads, detectors, control

units, and crew warning unittexcluding the power suwplies, had emissions

above the limit between 450KHz and 9.5MHz. The maximum emission occurred

at between 2.3 and 2.41MHlz and was 25dB above the limit.

Bunch ?, single detector long cable bunch, had broadband emissions above

the limit between 450KHz and 11.75MHz. The maximum emission above the limit

is 22 dB between 2.3 and 2.4Mz.

Bunch 3, dual detector long cable bunch, had broadband emiasions above the
limit between 600KHz and 8&0MHz and 1.?.Mz and 4MHz. The maximum emission

above the limit was 25dB between 2.3 and 2.4M1z.

There were also broadband emissiona above the limit when the system was

operated in condition 2, Fire, as follows.

Bunch 1, all leads, detectors, control units, and crew warning unit,

excluding power supplies had emissions above the limit between 450KHz and

1Oz. The maximum emission above the limit is P7dB between 2MHz and P.PHz.

Bunch 2, single detector long cable bunch, had emissions above the limit

between 4ROKHz and 610KHz, and 850KHz and 13MMz. The maximum emission above

the limit is 20.5dB between ?.OSMHz And P.3MHz.

Bnch 3, dual detector lon, cable bunch, had emissions above the limit between

580K1z and 670KHz, 11MMz and 5.Hz, and 6.6MHz and 7..Hz. The maximum emission

occurs at 2.1 MHz and is 28 .5dB above the limit.
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All the above out of snecification broadband emissions could be a source

of E.M.C. hazard if the aircraft cable layout enabled close conplin, to

occur between the Fire detect system wiring and leads to other systems.

However from the RE.O? test results detailed in this report it would appear

that 'the out of limit emissions ,recentained within the system wiring as

there were no radiated emissions recorded above the limits at the above

frequencies.

E.M.C. Test CE.01.

There were no narrowband emissions outside the limits recorded from any

of the leads under test in either of the two modes of system operation.

E.M.C. Test CE.02.

There were no narrowband emissions outside the limits recorded from any of

the bunches under test in either of the two modes of system operation.

E.M.C. Test RE.02.

There were no narrowband emissions detected during the test in the two modes

of operation therefore the system complies with the RE.O? narrowband

requirements.

In condition 1, Standby, there were broadband emissions marginally outside

the specification limits between 14KHz and lKHz. The maximum emission

bein, only O.5dB above the limit. Vhen the .yatem is operated in condition

•(a, transient emissions above the limit were recorded when the fire test

switch was depressed and reset. The table in the RE.02 results details all

out of limit transient emissions. The major emissions recorded above the

limit are as f3llows.

i
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X-Y PAGE NO. FREQUENCY dD A 'fE LItVIP

49 20KHz 1a.5

49 30KHz 13

49 45KMiz 14.5

49 65KHz 15

49 80KHz 12

49 100IKHz 9.5

49 200Kz 8.5

49 31MOz

49 4MHz -'

Although the above table details emissions which are significantly above

the limit, as they are of transient nature and the repetition rate low,

they would not in the opinion of the Lucas Aerospace E.M.C. personnel cause

a serious E.M.C. hazard.

In condition 2, Fire, there were broadband emissions above the limit between

14KHz and 18KHz, between 5.-05Mfz and 6.,MHz. The maximum emission occurred

are 6.4MHz where the level was 6dB above the limit. It is considered by

the Lucas Aerospace E.M.C. personnel that these radiated emissions would

not cause an E.M.C. hazard in the aircraft installation.

E.M.C. Test CS.01.

The test was performed with the circuit and cable modifications as described

earlier. There were no siLqceotibilities thro-igho,,t the test on any lead

in either of the two conditions mf system operation.

E.M.C. Test CS.02.

The test was performed with the circuit and cable modifications as describea

earlier there were no suscentibilities throuho-it the test on any lead in

either condition of system operation.

7 -- -
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rii

E.M.C. Test RS.03.

In condition 1, Standby, there were several frequencies as detailed in the

report where the system malfunctioned, i.e. Eng. Fire detect lamps illuminated.

At no frequency were there malfunctione of the system when the specified

E-field level was transmitted.

The results contained in this report only apply to equipment manufactured

to the same standards as that submitted for testing any deviation from these

standards could invalidate these results.

ii
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MEASUR[MENT STANDARDS LABORATORY

MARCONI INSTRUMENTS LIMITED
Longacres St. Albans Herts. England

8.C.S appoval no. 0006

Certificate of Calibration
Date of Issue .. 6.t.h ..F.eb.rua.ry . 9.....1.9.8.0.... Serial no ...... 041.95 ..........................

Page 1 of 4. 4... pages

This certificate is issued in accordance with the conditions of the approval granted by the British Calibration
Servi:e. It is a correct record of the measurements made. Copyright of this certificate is owned jointly by
the Crown and by the issuing laboratory. The certificate may not be reproduced other than in full, except
with the prior written approval of the Director, B.C.S., and of the issuing laborator.

A.D. Skinner.

Head of Laboratory.

Tested for Lucas Aerospace Ltd.
Maylands Avenue,

Hemel Hempstead,
Herts.

Reference No. 554315, 554317, 554318.

Order No. O/J/3144

Apparatus tested Interference AnaLyser.

Model EMC-10. Serial No. 10471-E.
with Current Probe PCA-10.
Serial No. 471.
Fairchild Electro-Metrics Corp.

The ambient temperature was 20 C *1 C and the relative humidity was

50Vo * 1017 R H.

Unlevs otherwise stated, the basis for estimating the limits of uncertainty
quoted for the measurements shown, is the arithmetic summation of the relevant

contributions.

The instrument was switched on for several hours before the testa were
made to ensure that a stable operating temperature was reached. The tests
were carried out in accordance with the proceduros described in the inatrument
handbook supplied, the relevant paragraphs being quoted in eacrh case.

423 continued ........

S ,T. I.



MEASUREMENT STANDARDS LABORATORY Ccrtiicatc of' Caibration no..rMarcons Instiuments Limited St. Albans Page -) of 4 osges
8.C.S. o oval no. 0008

Frequency caLibration

The frequency calibration was tested as in para. 3. 15. 3(a) axid the
results are shown in Table 1.

Table I

DigiLal frequency Meatiured frequency
indicator

50 Hz 48. 3 Hz
100 Hz 95.3 Hz
500 Hz 494 Hz

I k.l-lz 1. 006 k!Hz

2 kHz Z.0O-, k~z

5 k-Hz 4.996 klz
10 kHz 10. 000 kH-z

20 k.Hz 19.974 kHz
50 kHz 49.864 kHz

The estimated limits of uncertainty of the measurement did riot exceed
t- Hz.

.Amplitude calibration test

The amplitude calibration test was carried out as in para. 3. 15. 3(b)
and the meter indication did not change by more than *0. 5 d13.

Beiore the next test the control settings were changed to the io|lowing

GAIN Amplitude calibration
'N3 range 1 V

Selective range I V
13andwidth 50 Hz

A Z0 kHz test signal was applied to the rece-ver an%.! ii signal level was adjusted
ufntii the meter indicated 1 V, The voltage at the input was then measured and

was 1. 00 volts +0. I%.

Attenuator tests

The attenuator was teited as in para. 3. 15. 3(c) ex,,ept th.at the impedance
control was set to 50 Q. Tbe results are shown in rable 2.

continued .......
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- MEASUREMENT STANDARDS LABORATORY Crcticate of Calibration no.. 0 4 1 9 5

Marconi Instruments Limited St. Albans Page of. 4. pages

IB.CS. awo ol no. 0006
Table t

Instrument Nominal Attenuation measured Estimated limits

reading attenuation Wide band 50 Hz bandwidth of uncertainty

dB dB dD ±di3

10 V ref. ref. ref.

I V 20. 0 20.0 20.0 0.1

100 mV 40. 0 40.0 40. 0 0. 1
10 mV 60. 0 60.0 60. 0 0.2

I mV 80. 0 80.0 80. 0 0.2
100 lV 100.0 100.0 0.5

Meter scale shape

The neter scale shape was tested using the procedure shown in para.

3. 15. 3(j). The results are shown in Table 3.

Table 3

Meter scale shape

Scale mark Measured attenuation
dB dB

0 ref.

3 3.0
6 6.0

10 9.8
15 15.2

Z0 19.6
25 24.6
30 Z9.8

35 35.6
40 39.9

The estimated limits of uncertainty for the scale shape measurements do not

exceed ±0. 1 dB.

Dandw.dth tests

The 3 dB bandwidth of the analyser was measured on each bandwidth

setting where the 3 dB changes were established against the laboratory standard
attenuator. The analyser was tuned to 20 kHz. The results are shown in

Trable 4.

Table 4

Nominal Measured

bandwidth bandwidth

5 -z 4.5 liz *0. 1 Hz
50 Hz 53.6 Hz 0. I Hz

'50 Hz 235.0 Hz ±0. 1 Hz
425

continued .......



MEASUREMENT STANDARDS LABORATORY Certhfca c of Calibration no...q.'19.5.
Matconi instruments Lmrnitec Si. Albans Page 4 o1 4 pags

&C.S. appioa no. 0000

The tests listed below were made in accordancc with the procedure in
the manufacturer's handbook and were within the required speciiication lirnits.

T~ngential sensitivity para. 3. 15. 3(h)
Detector functions para. 3. 15. 3 (j)
SLideback operation para. 3.8. 6

Auto scan para. 3. 15. 3(m)

Current probe

The current probe was connected to the instrurent using a 62. 5 cm length

of coaxial cable. A test current was passed through a wire around which the

current probe was clamped. ihe test current was adjusted to give a meter
reading of I mV (equivalent to I rrA). The result is shown in Table 5.

Control settings

Gain As required for amplitude caLibration
Selective range I mV

Impedance 10 4L2
Filter 500 kl-z
Bandwidth 50 Hz

0
Frequency as necessary
Detector function CARRIER

Table 5

Test frequency Indicated current Nleasured current

I k-z I mA 1. 00 A *0.0 1 mrA%

The fre2quency response of the current probe was determined over the
range 50 Hiz to 50 k.Hz and the results are shown in Table 6.

Table 6

Frequ-uincy Rezponse rejative to'l kliz lhe estimnated linits of

uncertainty do not exceed *dB

50 Hz -1.5 dB 0.2

100 Hz -0.8 dB 0.1

200 Hz -0. 1 dB 0. 1
I kHz 0 dB 0. 1

* 2kHz -0. 1 dB 0. 1

* 5 kHz -0. 25dB 0.1
* 10 kHz -0. 75 d13 0.2

* 20 kHz -1.1dB 0.2
* 50 kHz -1.8 dB 0.2

*These measurements are not within the scope of the Laboratory's

prevailing approval but are reported herein I'or completeness.

Measurements made by '_ .. Wuit ,



TABLE 1.1. SENSITIVITY AND BANDWIDTH

BANOWI LTHS (3dbt 'SENSITIVITY
(Nominal)

IMPULSE
WB

BAND FREQUENCY RANGE .1 NB NO We .1NB NB db/uV/MHa

1 10.0 kHz - 35.0 kHz 50 Hz 500 Hz 4 kHz .016 .04 +34

2 35.0 kHz -. 7S.0 kHz 50 Hz 500 Hz 4 kHz .016 .04 +33

3 70.0 kHz - 150 kH: 50 Hz 500 Hz 4 kHz .016 .05 +33

4 120 kHz - 240 kHz 50 Hz 500 HZ 4 kHz .016 .05 +33

5 240 kHz - 500 kHz 50 HZ 500 Hz 4 kHz .016 .06 +33

*6 0.5 MHz - 1.1 MHz 50 Hz 500 Hz 5 kHz .016 .06 +32

7 1.1 MHz - 2.4 MHz 50 Hz 500 Hz 5 kHz .016 .06 +32

8 2,4 MHz - 5.5 MHz 500 Hz 5 kHz 50 kHz .03 .10 +22

9 5.5MH' - 12.5 MHz 500 Hz 5 kHz 50 kHz .03 .10 +22

10 12.5 MHz -- 3U MHz 500 HZ 5 kHz 50 kHz .03 .10 +24

11 20 MHz - 45 MHz 5 kHz 50 kHz 500 kHz .22 0.6 +20

12 45 MHz - 100 MHz 5 kHz 50 kHz 500 kHz .22 0.8 +20

13 100 MHz - 200 MHz 5 kHz 50 kHz 500 kHz .22 0.8 +20

14 200 MHz - 500 MHz 5 kHz 50 kHz 500 kHz .35 1.0 +23

15 500 MHz - 1000 MHz 5 kHz 50 kHz 500 kHz .50 1.6 +30

NOTE: Tangential Sensitivity - defined as the internal noise level or as the input signal level
required to raise the meter reading 3 dB above the instrurnfnt noise. Tangential Ser. :tivijy level Is at
least 8 dB above minimum discernible signal (MOS). MOS is sometimes defiitiu as being 0.5 d8
above the noise level.

427ECT S
427 '



MEASUREMENT STANDARDS LABORATORY
MARCONI INSTRUMENTS LIMITED
Longacres St. Albans Herts. England

S.C.S approval no. 0006

Clertificate of Calibration
Date of Issue... .3..eb u .y 198.0. Serial no.... . 47..................

Page 1 of ... 7....pages

This certificate isissued in accordancewith theconditionsof the approvalgranted by the British Calibration
Service. It is a correct record of the measurements made. Copyright of this cenificat. is owned jointly by
the Crown and by the issuing laboratory. The certificate may not be reproduced other than in full, except
with the prior written approval of the Direactot. B.C.S., and of the issuing laboratory.

.. ... \. I ............I. ............

G A. D. Skinner.
Head of Laboratory.

Tested for Electro Metric& Ltd.,
84 Tile House Street,
Hitchin,
Herts.

Order No. O/J/3144.

Reference No. 554313.

Apparatus tested Interference Analyser.
Model EMC - 25 mk 3 Serial No. 366
Fairchild Electrornetric Corp.

The ambient temperature was ZOO C *1 0 C and the relative humidity was
C 50%7 *10%1 Rfi-.

The basis for estimating the limits of uncertainty quoted for the measure-
merits shown, is the arithmetic summation of the relevant contributions.

The instrument was tested at the 50 ohm coaxial, input using a source ofsignals of 50 ohms impedance and having a waveform which approxKimated closely
to a sine curve.

The instrument was tested at each of the frequencies shown in Table 1 inaccordance with the following paragraphs. The function switch was set to 'CARR'.

Teat 1.

With the tuning dial and range switch set to each frequency in turn, theinput signal frequency was adjusted to produce a maximum reading on the
meter and the measured frequency recorded in Table. 1, Col. Z.

-. 2



MEASUREMENT STANDARDS LABORATORY ertificate of Calibration no...041,7.1
Marconi Instruments Limited St. Albans page 2 of. .7. pages

S.C.S. approval no. 0006

Test Z.

The 6 dB bandwidth was measured by noting the totaL frequency change
above and below the frequency recorded in Test 1, which resulted in a
fall in a meter indication of 6 dB as established against the laboratory

standard attenuator. The 6 dB bandwidth was measured on both the
narrow and broad bandwidth settings. The results are recorded in

Table 1, Cots. 4 and 5.

Test 3.

The 'calibration setting' was determined by applying an input voltage of

100 IAV for ranges I to 10 and I mV for ranges 11 to 15 with the input

attenuator set to 40 dB (BLACK) for ranges I to 10 and to 60 dB (RED)

for ranges 11 to 15. The instrument gain control was then adjusted to
give an indication on the meter of 0 dB. With the detector function switch

set to 'PEAK' and the bandwidth control switched to 'wide' the 'shunt cal'

button was pressed and the resulting reading on the meter noted and

recorded as the calibration setting (dBjLV) in Table 1, Col. 3.

Test 4.

The broadband correction factor in dB1 . V/MHz was determined on each
range using an impulse generator type CIG 25 SN IZ0. The results of

this rest are shown in Table 1. Col. 7. The impulse generator was

calibrated at the 70 dBlV/MHz and 90 dBILV/MHz settings before use.

The calibration showed that the output was within *0. 5 dBl.V/MHz of

the setting over the required Irequency range. The repetition rate was
set to 100 Hz.

Test 5.

For this test the receiver was first calibrated for direct reading signal

lev.-ls in dB4V (see para. 3. 3. 1 CW CALIBRATION in the instrument

handbook).

With the attenuator control set to the fully counter-clockwise position

the input signal giving unity signal/noise ratio was measured by noting
the input voltage which caused the meter noise reading to increase by
3 dB. The results of this test are shown in Table II.

Test 6.

The 6 x 20 dB steps of the input attenuator were cumpared with the

laboratory standard attenuator at 30 MHz. The results are shown in

Table ILL. For convenience the Black scale was used for these tests.

Test 7.

The scale shape of the meter was tested at 30 MHz and the result is
shown in Table IV. 429

continued ........



MEASUREMENT STANDARDS LABORATORY Certificte of Calibr2tion no-0.1.71.
Marconi Instruments Limited St. Albans Page 3 of 7 pages

B.C.S. a0prp al no. 0006 Table 1

Frequency Measured Calibration 6 dB Bandwidth Broad band
frequency setting Narrow Wide correction

factor
Band kHz klHz dE Hz kHz dB1 V/MHz

1 10 10.0 +1.0
14 14.5 +1.0
18 18.3 +1.0
22 22.3 0 880 5.80 43
26 25.9 -0.5
30 30.0 -1.0
34 34.0 -1.0

i 35 35.0 -1.0
40 40.8 -1.0
45 45.7 -1.0
50 50.3 -1.0
55 55.1 -1.0 890 5.62 43
60 59.7 -1.0
65 64.9 -1.5
70 * 70.0 -1.5
75 75.2 -2.0

3 70 68.2 -2.5
80 79.9 -2.0
90 90.5 -2.0
100 99.2 -1.0
110 109.7 -1.0 870 7.31 43
120 118.3 -1.0
130 128.3 0
140 139.1 +0.5
150 149.9 +0.5

4 120 119.Z +0.5
140 141.8 +0.5
160 161.1 +0. 5
180 181.6 +0.5

0 9+00 7.51 43
220 219.5 0
Z40 238.8 0
260 258.6 0

5 250 249.4 -2.0
300 305.4 -2.0
350 354.2 -2.0

40 0. 20850 5.76 43400 400.7 -.. 0

450 450. 1 -2.0
500 498.8 -2.1

430
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MEASUREMENT STANDARDS LABORATORY Certificate of Calibration n . 1
Marconi Instruments Limited St. Albans Page 4 of .7 pages

S.C.S. approval no. 0006
Table I continued

Frequen~cy Measured Calibration 6 dB Bandwidthi Broad band
frequency buttinxg Narrow Ivie (;urrec~ion

MHz MI-z dB Hz kilz j~ctor
Band di.LV /'A a

6 0.5 0.49 -2.5
0.6 0.6

0.6 0.61 -Z.0

0.8 0.81 -2.0 790 6.31 4

0.9 0.90 _1
1.0 1.00 -2.0 1
1.1 1.10 -2.0

7 1.2 1.19 -.
1.4 1.42 -2.0
1.6 1.61 -1.75
1.8 1.79 -1.75 900 6.10 44
2.0 1.99 -2.0
2.2 2.19 -Z.0
2.4 2.40 -2.0 kd-z

8 2.5 2.49 -2.0
3.0 3.01 -2.0
3.5 3.49 -2.0
4.0 3.99 -1.5 10.09 65.6 23
4.5 4.43 -2.0
5.0 4.96 -1.75
5.5 4.94 -1.75

9 6.0 6.01 -1.0
7.0 7.04 -1.0
8.0 7.99 -0.5
9.0 9.01 0 9.98 66.0 24

10.0 9.98 0

11.0 10.96 -1.0
12.0 12.00 -1.0

10 14 13.99 -1.0
16 16.02 0
18 17.85 0
20 19.77 0
22 21.49 0 10.02 69.4 25
24 23.66 0
26 25.72 0
Z8 27.77 -0.5
30 a9.86 0

1120 19.7Z -2.03.25 25.40 -1.0
30 30.18 -1.0 121.1 707.7 -I
35 35.01 0
40 39.75 -104 1

45 45.04 -1.0



MEASUREMENT STANDARDS LABORATORY CcrtificAte of Calibration no 04......
Marconi Instruments Limited St. Albans Page 5 of 7 pages

S.C.S. apotaval no. 0006

Table I continued

Frequency Measured Calibration 6 dB 16andwidth Broad band
frequency setting Narrow Wide correction

factor
Band MHz MHz dB k-z kHz dBJiV/MHz

12 50 50.41 0
60 60.59 +1.0
70 70.34 +1.5
80 79.93 +2.0
90 89.57 +1.0
100 100.00 +1.0

13 100 99.8 +2.0
1ZO 120.9 +Z.5
140 141.3 +2.0 109.0 673.2 +Z
160 160.7 +2.0
180 179.4 0
200 199.4 -1.0

14 200 200.5 -1.0
250 255.7 -1.0

300 303.5 -2.0
350 352.1 -3.0 114.6 624.6 +2
400 399.3 -2.0
450 448.1 -2.0

500 500.3 -2.0

15 500 504.4 0
600 61Z.4 +1.0
700 708.1 ). 132.1 753.7 +1
800 805.5 +1. 5
900 899.1 +1.0

1000 997.7 +1.0

continued .......
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MEASUREMENT STANDARDS LABORATORY Certificate of Calibration no. .P4.71.
Marconi Instruments Limited St. Albans Page 6 of 7 pages

B.C.S. aGeoval no. 0006
aTbLe 11

Ranges Input voltages for unity signal/noise ratio

I - 5 Less than -27 d13, V
6 &L 7 Less than -27 d31.V
8& 9 Lessthan -0 dBjAV

10 Less than - 11 dD,.LV
11 Less than -5 dB4V
12 Less than -4 dBjV

13 Less than +1 dB4V
14 Less than 0 dB4V
15 Less than +6 dBiV

Table III

Switch setting Attenuation relative to 40 dB position
(Black scale) Frequency 30 MHz

C. (dB) (dB)

0 -38.Z

ZO -20.0

40 ref.

60 +20.0

80 +40.0
100 +60.2

Table IV

Attenuator setting Meter reading
(dB) (dB)

+20 +20.2
+18 +18.2

+16 +17

+14 +15
+1Z +12.2
+10 +9.8

+8 +7,

+6 +5
+4 +3. 5
+2 +2

0 ref.
-2 -2.4

-4 -5
-6 -7.2

-8 -9
-10 -10
-12 -11
-14 -13
-16 -16

-18 -18

-20 433 -20
-30 -30. 5

-40 -39.5



I
MEASUREMENT STANDARDS LABORATORY Certificate of Calibration no...04!17. •

Marconi Instruments Limited St. Albans Page... 7 of 7. pages

B.C.S. appfoval no. 0006

The estimated limits of uncertainty of the measurements did not exceed
the following

for frequency: ±1. 0%.

for bandwidth narrow wide

ranges 1 to 7 .30 Hz ±10 Hz
ranges 8 to 10 *100 Hz -1 k:iz
ranges 11 to 15 *1 kEiz *10 kHz

for calibration settings : ±0. 5 dB.

for attenuation and meter scale law : *0. 5 dB.

The insertion loss of the three coaxial cables fitted with type TNC male
(connectors was measured at the frequencies shown in Table V.

Table V

Cable No./ length Frequency Insertion loss Estimated limits

MHz dB of uncertainty *dB

CAC-25 RGZZ3 1 0.08 0.02
7. 52 metres 30 0. 54 0.02

500 2.73 0.1
1000 3.85 0.1

CAC-25 RGZZ3 1 0.09 0.02

30 0.56 0.02
500 2.70 0.1

1000 3.89 0.1

CAC-25 RG2Z3 1 0. 10 0.02
7.95 metres 30 0.57 0.02

Soo Z.87 0.1
1000 4. 17 0. 1

CAC-IS RG223 1 0.09 0.02
30 0.58 0.02

S0 2.94 0.1

1000 4.29 0.1

Measurements made by Q .

---- END------
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CALIBRATION REPORT No. 2011S

INZTRUMENT 60d8 Step Attenuator CUSTOMER & AOORESS

'tp NO SER No.'

YPNo. 90389-3ENo. - Lucas Aerospuce,

MANUFACTURER Singer Itemel. Hempstead.

CAL OATE 4.3.80

RECOMMtNOED
RECALIBRATION OATE 4.9.80

CALIBRATION

At~teantipt Actual Attenuation (dB)

Setting (dB) IOHz 1MHz 00MHz tGHz

3 2.9 2.9 2.9 3.0

6 5.8 5.9 5.9 0.3

10 11.1 11.1 11.6 11.2

20 20.0 20.0 20.3 20.0

30 30.2 30.2 30.1 30.2

60 80.8 61.0 61.2 60.8

Cal Lab has 0524 (0526) approval cert no. 71990/ 1/01

All measurements are traceable to national standard via B.C.S.

___._435
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T-.-,x n. ji , rouecz :!t..1if1

RE6 Industrial Limited

CALIBRATION REPORT No. 2020
.. .. Vadio Interference~adi Intr~'cenceCUSTOMER & ADDRESSINSTRUMENT Analyser IlceiveU

TYPE No. NM 65T SEA. No. 145 Lucas Aerospace.

MANUFACTURER singer Homet Hempstead.

CAL.OATE 5.3.80

RECO;AM NOEC 5.9 _80

RECA1.1RATION OATE

CALIBRATION
'4ter Scale shape (Tracking Accuracy)

d 8 Field Intensitv nirret Peak .Slidcuacli Peak

0 0.5 2.5 2.5

10 10.0 10.1 1I0. 1

20 20.0 20.0 0.0

30 30.5 30.1 30.1

40 ref 40.0 39.9 39.9

50 50.0 , 4 .5 .19.8

60 59.0 58.8 5_.8

Attcnuator. Accuracy Output Sockets

dB MNuter [leads X 0/P Singlc Sand 1.OV to 10.36V

0 ref 40.0 X 0/P %iultiplc Band I 0.97V to 3.29V

2 20 39.2 Band 2 1.88V to 6.5V

____. . .. D.__ Band 3 0.81V to 9.92V

_ 0.t_.S LLt .. . A' _.___!__' .-..

Video Linear 0.4V pk-pk

----.-- AthedinQar I V

Pulse Width 0.5 m'.;cc

-- Audio - (

CALIRRlAIF() RY I A pUflli8, .JV



CALIBRATION DETAILS CONTINUATION SHEET CALIBRATION REPORT No. 2020

Dial Actual Cal. S ensitivity Jwserv

' .Freg, r~ g. .- _ NB L iB (;in

GIl? ilz dB dii re r. rrfd 10 1 uV d_

Band I

1.0 1.002 41.5 0 .25.5 17.0

1.5 1 .5 z 41.0 0 22.0 ?0.0

2.0 2. ou3 41.4 2 24.0 20.,J

Bland 2

. . 059 43.0 3.') 32.5 15.0

2.5 _ _50_ 43.0 0 2.0 15.5

3.u07 42.5 0 28.5 15.0

3.r s . 5 10 .12.0 0 28.0 16.21

4.0 .001 41.5 .),5 33 .0 11.0

3..40 .0 5 28.0 9.5

Hand 3

4.4 4,406 40.5 9.0 38.0 13.0

5.0 5,003 39., 9. _ 38.5 13.2

. .,. L'10 0 _ .5 7 . . 11.0 ,11. 0 ,

6.0 6.01.1 38.6 14.5 "14.0 10.0

77~7 7 G'"__ AR_ a; IS AI
7.5 -7..51 38.0 1611. 41.) 13

8.0 ..... _.02 18.0 - 7.5 .37.0 16.o-

8.5 8.5 IS 37.5 8.5 36.0 17.0

l~o ' i_ 3.5.0 6,.4 , 35.5 18.0

10.0 10.011 3412 6.0 35.0 I S.

CALIBRATION REPORT No. 1 .1' 7 s( -CT tl

~INMhI~TMIfI ltd



CALIBRATION DETAILS CONTINUATION SHEET 3 CALIBRATION REPORT No. 2020

VLJIIPMENT USED ,

Hewlett Packard 612A Si.nal Generator

.Nfjlqnjq Q05.Siynal jource

" 6056 .

60570 .

r% . - ....

PRO Directional Coupler P .42U - 20

L 4420 - 20

..... ' C .4 s - 20

..... ' :; 442U - 20

.... ' X 4420A 2 0

lohJe & Schwarz Power leter NIHS

Svstron L Donner CounteL 6016

Weinschel 10 do Step attenuator

10 JR Pads

50 ohms load

RfMARKS

I F gain control intermittant in 'Automatic' position.

.al Lab hat 0524 (0526) approval cert no. 71990/1/01

All me45,uremun:, arc tr:ic':.iblc to nitional ztandard ,i- i.i.-.

CALISIRATION REPORT No. I_ lq '.

i-1



.... x 3.abl. s ou .. i i.

A EL !ndustrial Limited
CALIBRATION REPORT No. ,o19

iNsrRLUJENT CUSTOMER & AOORESS6' lr',n-, srn J, or Lu~d

YPE No. 92194 S-R. No Lucas Aerospace,

t.IAtNUF ACTUJRER
MANUFACTURER Sins!er Hemel Ifempstcad.

CAL.OATE 5.3.80

,1E ;O- MENOED 5.9.80
,"iECALIBRATION DATE

CALIBRATION

Frequency l.o ;s d8

GHz

1 - 0.6

-, - 1.o0

3 -1.4

4 - 1.6

_-LI.A__

6 -2.2

S ____ - 2.b

9 -2.)

10 - 3.6

Cal Lab has 0524 (0526) approval cert no. 71990/1/01

All mcasurements are traceablc to national standard via B.C.S.

4_3_



REL Industral Limited
CALIBRATION REPORT No.

I INSTRUMENT CUSTOMER & ADDRESS
Current Probe

TYPE No. 91197-1 SER No. BG 72 Lucas Aerospace,

MANUFACTUREII klcmu . Ilempstead.

CAL-DATE 12. 2. 60

tnECOMMENOED
RECALIBRATION CATE

CALIBRATION
Frequency ZT d8 Above or

(I h Its Hlolw I ohm

30 lI 0.006 - 44.44

100 Iz 0.03 - 30.-16

200 1Iz 0.06 - 24.44

500 Hz 0.14 - 17.08

I KHz 0.24 - 12.40

2 KHz 0.32 - 9.90

S KHi . ..... _ __ - _. L

10 KHz 0.36 - 5.40

20 KHz 0.38 - 8.40

50 KHz 0.36 - 8.87

100 Kliz 0.37 - 8.64

200 KJIz 0.38 - 8.40

500 KIIz 0.38 - 8.40

1 MHz 0.36 - 8.87

2 MHz 0.35 - 9.12

5 MHz 0.30 Z- 4-_

8 NH1 7.Il - 14.42 -I

-. J.I



REL Industrial Limited

CALIBRATION REPORT No. 1.7
IN., HUMINT CUSTOMER & AUORESS

Current Probe,

TYPE No- 915:0-1 SEA No. 91Z-130 Lucas Aeruj!;pjce,

MANUFACTURER stodd.rt ll le ilc pste:iJ.

CAL. OA;,E

IiECALIt3R TION DATE 12 .3. 30

CALIBRATION

Frequency ZT dB Above or

MFltl Ohms Below I Ohm

0.01 0.16 - 15.92

0.02 0.29 - 10.75 j
0.05 0.72 2.85

0.1 1.2 1.58

0.2 2.3 7.23

1.0 5.2 14.32

2.0 5,6 14 9_

5.0 6.0 15.56

10.0 j.5 14,8i j

50.0 4.4 12.87

60.0 ,1 __ _ _ .4 12.8'i -

70.0 4.2 12.46

80.0 3.0 9.54

9 0 ,0 o -L _ U _.L -
100.0 3.4 10.63

_4 A__



-,11U. Lnywir
TL&9:pfi ,: . I/,: .in (i; .u2} . lcl (l. hlll'u:)Tmeex 8231 Cabies Robiwct Htcnin

CALIBRATION REPORT No. 1973

INSTRIuMNT CUSTOMER & ADDRESS

TYPE No. SER. No. 056/011 Lucas Aerospace,

MANUFACTURER iF Hael Hempstead.

CAL. OAT! 20.12.79

RECOMMENDED
RECALIBRATION OATE 20.6.8o

CALIBRATION

InpU ,TS M 4 ter aAd ng LDT ft teP gaai4faL

Volts/Ranize-. Volta/etre Voltsa/etre

3 Volt Range 3 Volt Range 3 Volt Range

1.0 1.0 1.0

1.5; 1.5 l.

2.0 2.0 2.0
2.5 2 .49 2.49

1 1 -0 3 .0 -3 -0O

10 Yeolt Rine -10 V21o at_ .. 10 Volt Rang e

.o 3.0 .o

4.0 4.1 4.o

5.0 5.2 5.0

6.0 6.2 6.0

7.0 7.1 7.0

8.0 8.o 8.0

9.0 9.0 9.0

10.0 10.0 10.0

Cal Lab has 0524 (0526) approval cert no. 71990/1/01

All measurements are traceable to national standard via B.C.S.
442
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TMlex 82431 Cables L<olCt c; |hthni

CALIBRATION REPORT No. 1971.

INSTRUMENT EF1/L4T CUSTOMER & ADDRESS

TYPE No. SER. No.4 055 Lucas Aelospac.,

MANUFACTURER
___________IIFI Re-iel Ne.pstead.,

CAL. DATE 20.12.79

RECOMMENCED 20.6.80
AECALIJJRATION DATE CALBRA ION-

CALIBRATION
Input ES Meter Reading

Volts/Range Voltmaleitre

3 Volt Ran. 3 Volt Rang.
1.0 

j. 5

1.5 .0
2.0 2.0 1

3.0 3.0

10 Volt Range 10 Volt Range

3.0 3.0

4.0 4.o

5.0 5.1

6.0 6.1

7.0 7.1

8.0 8.1

.0 9.0

10,0 10.0

Cal Lab has_0524 (0526) approval cert no. 71290/1/01

All ueasurementa are traceable to national standard via BC.s.
44,3- "" q.

SI4EKT la



Teht.x 62431 CQbes H(owh:¢ Ho.:% n

CALIBRATION -REPORT No. 1976

INS.rRUMENT ,oveling Pro-Amp CUSTOMER & ADDRESS

TYPE No LPA- S N037494 Lucas Aerospace,

MANUFACTURER

.. .. F.,. _eel ematead.

CAL. DATE

RECOMMENDED 
RECALIBRATION DATE 4.7-80

~CALIBRATION

B.F.S. Meter WPA-I Meter Reading

CReading annel A Unit A Channel B nit B
' iVolta/Metr.o Vol.a,, etre, VoZ./tue

3 Volt Rande

! 1.0 1.0 0.9

P22.0 1.99 1.9

2.5 2.5 2.44

3.0 3.0 3.0
t 10 Volt Ronge

4.o 4.0 4.0

5.0 5.0 4.9

6.o 5.9 5.9

7.0 __7.0 6.9

8.0 8.0 7.8

?.0 9.0 8.8

10.0 0.0 10.0

Cal Lab has 0524 (0526)pj~2 ~ojal__grt Bo._21990/2/0

All measurement are traceable to national standard via B.C.B.

444"



nstruments
instrmentsMARCONI INSTRUMENTS LIMITED

S E RVICE DIVISION
Electrical and Electronic Calibration Laboratories
The Airport. Luton. Beds LU2 9NS
Telep one: Luton 33866 Telex: 826248

Def Stan- 05-24/2 Regs$raton No 13 L MOI

Certificate of Test

This certifcate is issued in accordance with our Order Acknowledgment. and the gene-al terms and conditions

of business of Marconi Instruments Limited. The M I. 90-day Warranty. details of which are given overleaf. applies

only to the repairs carried out

The equipment described below ha$ been calibrated and found to comply with the manufacturer's published

perforarce specification at the measure points, due allowance having been made for the uncertainty of the
measurements.

Job No. 6304 9/3

Description Signal Generator TF. 144h/-4

Serial No 53698-12
c/w. 1 3 Amp Pluc & Lead

The calibration was carried out using worKing standards which are subject tO regular periodic verification, and the

* measurements are traceable to National Standards. except where none exit.

The calibration was carried out in accordance with the general reixuirerients ol .)ef Slidi. 05-26/2. using working

" standards which are subject.to regular periodic verilicaltion, and the measurements are
traceable to National Standards. exceot where none exist

Remarks Periodicity 12 Jonths

LIBRATED TO; E k ai,

for Ouahlv Manager, Service Doivison

u, te 2. 7.'0J ...... .....

445
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MARCONI INSTRUMENTS LIMITED

S ERVICE DI VISION

I f Eltctiicdt and Electronic Calibiration' Laboratouiesf l u The Airport, Luton. Beds. LU2 9NS
Talesplone Luton 33866 Totex a25248

Li 5t.r U5 -24 12 Aeygst euo. Nu 1l3LMO1

Certificate of Test

This ceritcate is SSuect in acrt1ane with oij1 Jut At.kiluwleocjirnfl. and the yenefal termns and conditions
of business of Marconis Instruments Limiited The mA I Yu dsy ~vdirdeity, details of which are given overtilat. applti
only 10 the f epai(S Larriedl out.

The eqjuipment described bekow has beeun calihrated Laid fijuild to comply with file manufacturer 5 ptjufished

performance specification at the otieaiurea pointi. due aljtuwjnce having bean made foe the uncertainty of the
ineasurements

Job No 614285

Description Si inI C9no ra to r T F. W~ I/

Serial No 53599/24 c~'v. K-in Leid 13 Amp Plug

Tlie Caliblatiori was Cdriiled ikit W.1111i,j -is inqJ .Iii. it .rio .tect to reyuldi periodic ver ification. gind the

Th'e i:alibrdto~n was4 cafrv. out it, .,*L4),U..i,- i vil tu cju.nuialt e~uiiciieiits of Oct Stans 05-16/2. ubiniJ wvurs~ing

sldnijards wh'lich WCO Stiblict 10 ll'tjI1 poi ii.fir viiitiui. ,ind thij iiudiulements W~e

trdcedoi* to NMjt,oia Standlagds .p hitiP j W10 i' Ant

fr Otidiity Mori.gir, Survii~e Divisjin

446t 2 2MAR 1979

4462~.
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a 9uw o: ,J L;abies NObIOC! ilitChin

IM

CALIBRATION REPORT No. 1o3o

INSTRUMENT CUSTOMER & ADDRESS
Power Signal Source

TYPE No. -. . SER. No.
C203 125 Lucas Aerospace,

MANUFACTURER lee Jlempstead.

CAL. DATE 26.0.79

RECOMMENDED

RECALIBRATION DATE

CALIBRATION
7050H1_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Frequency Di'al Meter 100W Meter 50W

Monitor O/P _/P Power Monitor 0/P O/P Power

250 5580 + 17 dB 45W .17 dB 45)

300 7220 + 16 f 50W + 16" 50W ) *

350 8230 + 16 " ... 1" "W )

400 9100 + 15 " 50W + 15 " 50W ) '

450 0790 + 15" 50W +15 ,W ) 

~54N -

__ __ _ _ .:wn~

475 3520 + 17 dBm .40W ± + 14.4 d 20W
_ _ _ _ _ _ .... ,

500 ' 37 17 '!2w. + 14.4* 25y

-_ _25 4± .4 d"m" 254 -'4-'

4 __80 + 18 0 + 14W46

57 4480 + 18. "15.2 " 27W

fl30 5000Q LJ.DI2L J0 of r~o 1.-
""'.- 7 " " -.,; " .'" : ' + ;" "i

700 . . O , 19.5 " *640 .W 1.2 " 3 W

"" 5430 19.2 " . O__ OW ._ -"10.2 .!"J 28W

CAL L A . .BY,. . . ... ,. -

" ' 65 ,O D :£)u3_ o " ¢2 _..JL :" HE ..



* .--..- •

°3RATION DETAILS CONTINUATION SHEET 2 CALIBRATION REPORT No. 1930

7051BH

Frequency Dial Meter 50

Monitor 0/P O/P Power

750 7650 + 17.G d8m 47W .

800 8130 * 17.6 " 47W

850 8540 + 18.011 49W

900 8920 + 18.3 *° 49W

950 9250 + 18.5 " 49W

low0 9560 + 18.6 " 48W

Meter reads same on both high and low ranges

*7;
vir

I" I

CALIBRATION REPORT No 44~ *'
S . . . . , . . : ,. . .

- 1j



8RATION DETAILS CONTINUATION SHEET 3 CALIBRATION REPORT No. 1030

* -*-;EQUII&IVT USED -

Rohde & Schwarz Power Motor

Systron & Donner Counter type 6016

P.R.D. Directional Counlers.

Veinschel Attonuator Pads

Cal Lab has 0524 (0526) approval cert no. 71990/1/01

All measurements are trAceable tg ntinnAl mtanikArd viA R-_____

- * .. 7

-7...'

C L R I .No. 4.*4. OV ...

*°. .," .. ,,, .,. .

* ' ,. , * *,*

-- ; . . ... .... . > . . . . . . . ,
CALIBRATION. REOTN.~~* .. .........": ,, .*~P.;4I :'A

* *.~,. ,.

; " " " " . .'--.' ' -.- "-- .'- -..-- - ..



instrmentsMARCONI INSTRUMENTS LIMITED~

S ERVICE DIVISION
Electrical and Electronic Calibration Laboratories
The Airport. Lutonl. Beds. LU2 9NS
Telephone Lution 33866 Telex 8252489

Cef. Scan. 05-24/2 Ragntration No. 13 LM 01

Cerificate of Test

This certificate it issuild in aCcordancO with Ot Ordler ACknnwfedgrnfini. and It*he general terms and conditions
of business of Marconi inutrurrenis Limited The M 1. 9C.Jady Wistranty, details of whiCh are given overleaf. aprliej,
OnlIy to the rePairs carried out.

The oQuipment described below has boen calibrated and found to comply with the ma~nufacturer's publisheod
performance specification at the meiasured points, due allowance maving been made for the uncertainty of the
measurements.

Job No. 630490/8

Description Votmter TF. 1041B

Serial No. J1% 217-484
c/v. 2 Frobe. &, Leads & T Connector Unit

The calibration was carried out usingO working standards which are $ubloCt to reguilar prodic verification, -nd the
,meijSurements are traxeable 1o Natiouil Standards, eA(ccl)t whenr: toune i~gist

Thu cilibralion was carried out ini accocJ.3nco with the rfentel ri4wirnmi~s )I U0l. Stain. 05-2612, using working
standards whiich are iublcct to regular periodic verificaition, arid thc ificasurnificits are
traceable to National Standards. e~ccpt wvlioru none cmit

Hemarks Periodicity 12 !,ontha

A,00-. Iss Slip'. Aa~~S'IC iiiiiI

450 ..te ......

S~c~ L



~Ug Uinstruments
nsr e tMARCONI INSTRUMENTS LIMITED

S E RVICE DIVISION
Electrical and Electronic Calibration Laboratories

The Airport. Luton, Beds. LU2 9NS
Telephone: Luton 33866 Telex: 825248

Del Stan 05-24/2 Flgs rition No 13 L M 01

Certificate of Test

This cortef'cate is issued in accordance with our Orer Acknowledgment, and the general terms and conditions

of Iusiness of Marconi Instruments Limited. The M I. 90-day Warranty. details of which are given overleaf. applies

only tO tn repairs carried out.

The equipment described below has been calibrated and found to comply with the manufacturor's published
performance specification at the measured points. due allowance having been made fad t'e uncertainty of the
measurements,

Job No. 630490/9A

Description Electronic Voltmeter VF. 2604

Seia No. 200933-037
c/v. 2 Probes & Leads T;4 5031B

+ 13 Amp Plug & Lead
The calibration was carried out using working standaros which are subject to regular periodic verification, and the

measurements are traceable to National Standards, except where none exist.

The Calibration was carried out in accordance wltn the general requirements of Del. Stan. 05-26/2, using working

standards which dre subject to regular periodic verification, and the measurements are
traceable to National Standards, except where none exist.

Remarks Periodioity 12 Months

for Ouilhty Manager. Setvict Ovision
4,'.

451

S+ t 'L
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Appendix5

TRANSEN & SPIKE RPORT

AED/ENV/480550
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%54o REPORT Nx .r,/': " -

Electrical Division

RA VIER LTD.

SLOUGH.

d

ADVANCED AIRCRAFT FIRE DETECTION SYSTE:-

CONTROL UNIT TYPE 5381 3--O3 SERIAL No 100

CONTROL UNIT TYPE 53813-204 bEHIAL Ko 100

C!Z , WA.RIG UNWIT TYPr L 5381 3-202

TESTS CS06.,RS02 TO LL-STD-461A.

TRANYSIENT VOLTAGE ACCEPTANCE 1'0 IL-STD-704A.

Leeds Old Road Bradford
i West Yorkshire BD3 8LA England
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WOJYTG 1U Iit~cA570401 E

CUSTO1VER Griviner itd, -lough.

CULTOMO. S E IYIP:;aIT Advanced Aircraft Fire -etection 'y3t I

Control Unit Type 53813-203 I/S, 100.
Control Unit Tyle 53813-204 S/A 100.

Crew arnan6 Unit Type 538i 3-202.

CUSTOERS Ir';IR-ZEtTS The system is to be subjected to test.

C-06 RS02 to Spefication VIL-STD-461A

Teots, for transient volta-e aoceptanc

to be applied to the requirements of
MIL-STD-704A for category "B" Equipme

CUSTOMR'S RTRESEVTTATIVE Mr A. Wackrell.

TESTED BY G. Mitchell.

DATE OF TESTS April 1980.

TEST LOCATIC" Environmentul Lboratories, Bradford.

TFPulse Generator Type AE 7753
Pulse Generator Tyre Ai 774,6
Oscilloscope Typo J80A Serial N~o Y2370,
calibrated on each dsy of test.
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Testa were performed on the !.dv-ance Fire Detection System in accord,,nce

with the requlrecents of prr&&rkhs 1 .2.7.,l .2.9. and 1.2.11. of L!ssrs.

Griviner Ltd E.1;.I. Test Plan (Issue No 4). The tests were performed in

order to demonstrate the system complinnce with Tets CS06,RSO2 to MIL-

STD-461AP,Notice No 3,Class Al and MIL-STD-O4A.

2. TZ ST A 'j,.FG -,;Y 4T

2.1 . TEST LAYOUT

The teat layout was as shown in fiture Fo i of the test ritrn.

2.2. OPERATIOIN OF THEi LYET.J.'

2.2.1 . CONDITION 1 "STAt1BY"

This condition was when the U.V. source was switched off and the "FW

and "FIRE DIT FAIL* indicators were not illuminated.

2.2.2. CGO!DITIOC' 2 "FIRE"

This condition was when the U.V. source was switched on and the "FllE"

indicators were illuminated on the crew warning unit.

2.3. SUSCEPTIBILITY CRITiRIA

The criteria for ausceptibility/non-suaceptibility was as follows

CCDITION I - Illumination of any Crew Warning Unit "FIRE" and

"FIRE DETECT FAIL" indicators.

CMIDITION 2 - Cancellatton of either "FIRE" indicators.

2.4. TEST PROCEDURE

2.4.1. TESTS FOR TR?.NSI LT VOLTAGE ACCE)TANCE TO VIL-STD-OA.

. 2.4.2. PO'iER LEAD CONNECTIO;S FOR TRAN'.3T ACCEIT/.NCE.

For the purposes of transient volt:..e accej t:&nce the lower r,'bles wee

linked as follows and treated ab a sinile €"ble.
457
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(I) 1i5V 400s Line to Cortrol Unit "A" Pin 14. )
115V 40011s Line to Control Unit "A" Pin 17. ) all linked toether
115V 40OHz Line to Control Unit "B" Fin 14. )

(2) 115V 40OHz Nettrul to Control Unit "A" J-in 13. )
115V 4001 z ,eutr:al to Coptrol Unit "A" Tin 17. ) all were lin':ed tiether

115V 400 z NeIutral to Control Unit "B" Vin 13. )

(3) 28V D.C. Positive to Control Unit "A" Pin 12 )

28V D.C. Pouitive to Control Unit "B" Pin 12 ) all linked together
28V D.C. Positive to Crew ;arning Unit Pin 6 )

(4) 28V D.C. Negative to Control Unit "A" Pin 29 )

28V D.C. Negative to Control Unit "B" Pin 29 ) liked together

2.4-.3. TESTS FOR TRANSIENT ACCEPTANCE TO A.C. P0,M LE:ADS

The following step functions were selected from fiCure No 3 of
LIL-STD-704A for category "B" equipment.

The step funotions were aprlied with the 3ystem operating in the
"STANDBY'mode and then repeated whilst in the"FIRE" mode. The results

of the tests are shown below

STAINDBY M'ODE

BASIS OF APPLI1M TILESTEP FUNCTION VOLTAGE M 'OD R= ;A==

Limit No i i8oV 0.1SJC. "

i 1 Rq 1.0

2 16O 0.04

3 60 0.05 L
3 Zero 0.05 ,Not Susceptible

4 102 7.0 (
4 Zero 7.0

5 140 0.02

6 74 45 0.02



YLST OF AFPLIED TIKE
Sr£;:F .'*CTI O1: V(LT,,GE P- I OD RE.!ARKS

Limit No 1 180 0.1 SEC. ;ot Susceptible

1 148 1.0 Vot Susceptible

2 160 0.04 Not Susceptible

3 60 0.05 Both "FIRE" lights extinguish
and relight on resumption of the

3Zero 0.05 normal 11 5V s)ri,)C
4 102 7.0 Not Susoe:tible

FIk" lights extinguish and fire

4 Zero 7.0 detect ft.il become illuminated and
extinguibh after the transient and
fire ligi.tb re-illuminated.

5 140 0.02 Not susceptible

6 74 0.02 Occasional R.H. fire lamp

extinguishen but re-illuminates.

2.4.4. TELTS FOR TRANSIENT ACCEFTACE TO D.C. PO;ER LEI.ADS.

The following step fPnotions were selected from figure No 9 of

)aL-STD-704A for category *3" equipment.

CYCL AFLIrD TIkZ
VOLTAGE G EIOD

1 80 0.06 sEc
2 49 1.0

3 70 0.02

4 60 0 .015
5 11 0.03

6 8 0.05

7 Zero 7.0

8 22.5 7.0
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The s-tem w.,s %et to o;orx.te in the sti-ndby mode. Tebt cycle No 1

was then applied. This arplication c'used both the "Mi. " l.ps to fttil.

The unit wab examined by the cuztomer1s repretentative and it was

found tht R.36,(15(. 1/2 .; resi&tor),in both c:tmmon logic boards had rone

open circuit.

These cQMPonents were then repl&ced with type V;21 resit rs,(5 2.5,w'),

resistors. The unit then operated satisfactorily.

The stop functions were then applied with the eystem operating in the

"STA-DBY"mode and then repeated with the bystem operating in the "FIRE' mode.

The resulti of the tests a:'* shown below "-

cycle 
R--AK

No STAYVBY !MDE OPERAT: Y'OtE

Not Susceptibl Fire leops momentar12%Y bz'igh;
31
4 J .

5
6 1 both "FIRE" lamps extinguish

Ie then relight following thenot Susceptible IJ transient.IB __oth ln ps dim for 7 teconds I

2.5. TES':S W TH ITOBTED VOLTAGE BFIiaS ON D.C. POWER LIl:ES

Paragraph 5.2.3. and figure 17 of L-STD-704A calls up an. imported

voltage spike test for d.c. powered equipment. The spike is to be in the

form of a single half sine wave of base width i1 S. The spike is to be

aup~rimposed onto the d.c. power leads, The amplitude of the test spikes

is to be + 600 volts .hen at open circuit. The source impedance of the

6pike Conerator is to be 50U..

The *600v spikes were aj-lied at a rate of oe pulse per second to

the d.c. lines. The aYstem was then operated for a five minute period

with the polarity of the test siikes reversed. 4 0its eah of he tw oferting mdes. i~is rocedre asthnreeae
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'..hLn on line th.-.n e .%m liLtude of the io:itive oir.L !.likes

was attenuated to +400 vclts. The ney. tivoly imi o.ed t iT:e a -'.ere

unattenuated.

The Fire Detection ...tt. orer-ted nort:lly throughout the applicition

of these tests.

2.6. TEST CS06 - CONDUCTED SUSCLTIBILITY - PO;'"Z_ LEADS

2.6.1. TEST CS6 - D.C. PO'R LEADLS

The spikes were parallel inJected onto the d.c. power lines by

means of the pulse generator type AE7746. The base width of the spikes

was iOpS and the amplitude was set to twice the line voltage of 28 volts

which = 56 volts. The total peak voltages in the case of positive and

negative superimposed voltage spikes was .84 and -28 volts respectively

with respect to the sero voltage level. The spike repetition frequency

was set to ten pulses per second and the test was applied for a period

of five minutes in each polarity for each operating mode.

The Fire Detection System operated normally throughout the application

of the tests.

2.6.2. TEST c=06 - A.C. PO ER LEADS

The spikes were parallel injected onto the a.c. power lines by means

of the pulse generator type Ak7746. The base width of the spikeA was 1JOS

and the amplitude of the 3likes was set to 100 volts. The spike repetition

frequency was set to ten pulhes per second.

The spikes were synchronised to the rower line frequency and

positioned at each 900 position for a period of five minutes. The spike

was also positioned from 0 to 360* of the power line waveform.

Positive and negative spikes were applied for equal time periods

at all the phase positions listed above. The total time that the spike's

£ were applied was not loss than 30 minutes. Thiu test wab perrsrmed J

the standby mode and then repeated to the fire mode.

The fire Detection System operated normally thrrugihzu+ ".ns at.. .icstion

of the tests. 46 I
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2.7, -'S .so2 - SUSC:%-FLrTY TCO r.-.GT.TICALLY INUCED PIL;

2.7.1. C -Bl-_ '.LZT

I.gnetic Induction field tests were performod on all the cable

bundles interconnecting the system. This bundle was wrapped with

wire along the length of the bundle at a rate of two turns per

zetre length. The following tests were then applied :-

Test (a) A current of 20 Amps r.m.s. 1+O0ORZ wAn nassed thrOugh

the wire.

'Test (b) Voltage spikes were applied to the wire at a rate of

10 pulses per second. The spi;:.s v.ere of a base width

of iOjS and peak voltate 400 volts when : OesUd across

i 51 impedance in series with the wire wraFpins.

Test (a) was applied f,,r a period of 5 minutes with the Fire Detection

system operating in the st.:ndby mode. This prooedure 3as then repeated

with the system overatig in the fire mode.

Test (b) was then applied to the wire whilst the system was operated

for a period of 5 minutes in each of the two operating mades. These

tests were thert repeated with the polArity of the spikes reversed.

The Fire Detection System operated normally throt.ghout the application

of the tests.

2.7.2. (CASE TEST

2.7.2.1 CASE T4EST - CRE; WARJ3- VNTIT

The case of the Crew Warning Unit was wrapped with throe turns of wire

as shoim in figure (a) of Appendix "A" of this reiort. Tests (a) and (b)

as detailed in paragraph 2.7.1. of this report were then applied to the

wire wrapping.
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2 .7.2.2. CALL TL CMTROL MIT TYIE 5"51 -203

The case of the control unit was wral jed with wire in a

similar manner as described in ;ara. 2.7.2.1. of this relort.

Tests (a> and (b) were then applied.

i
2.7.2.3. CASE TEST - COV"tRO' LTNIT TYFE 53a3- OL

The case of the control unit was wrapled with wire in a

similar manrner as described in pars. 2.7.2.1. of this report.

Tests (a) and (b) were then applied.

RESULTS

The Fire Detection System operated normally throughout the

application uf the tests.

3. CONqCLUSIO.NS

The system was damaged by the applicrition of the 80 volt transient

acceptance requirement of MIL-sTM-704A. This was due to the failure of

R36,(I/2 W resistors).

Components 136 were replaceCd by type W22,(2.5 1.att resistors)

and the acceptance tests were then &atiaCactorily completed. The system then

operated normally throughout the tests and ;.as not susoeptible in any way

to the test applications.

4. R~u~l.'DATIOIIS

That the build standard of the units incorporates the modification

to uprate R36 to a type W22 component.

(G. Vitchell)

Approved ~ I ~~
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"'brator ing 0201 1111/P
AmPilfior * Ling HPA 8KV 158 IIA/P
OIcillator 9 & K 1025 338320 756/P
Voltmeter 8 4 K 2416 373223 8ao/P
Preq.Counter Yonner H9866 93/P
Auto Strobe INK A53 . 6/P
Oacilloecope Telequipment [D43R 5299 242G/P

Amplifier A 24235/P

Amplifier A 2/P

Charge Amplifier Birchall
CA-0 I-2CH 38 *'677/P

Stroboscope INI Type. 6 582/
Accelerometer Bruel & Kjoer 4369 614776

Accelerometer Indevco 224C TCSO

Digital Random Gen.Uad.
- s Control TDV32PR 845/P

Teletype Data Dynamics 845A/P
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REPOK NO &NV 2739

1. INTRODUCTION

The following units were subjected to the folloving tests in

accordance with the following specifications

1. Crew Wrmnam Unit

Crew Warning IAlt Type 53813-202 Serial No.101 was subjected
to a reonance search in accordance with Specification

NIL-STD-8lIC; method 514.2-2sProcedure lCurve J of ig.514.2-2
and to random vibration in accordance with Specification
NIL-STD-S1OCs method 514.21 Procedure IAltigs.51t-2-IIA and
514-2-3A.

1.2 Computer Control Unit

The units, Computer Control Unit Type 53813-203,Sorial No.100
( System A)i Type 53813-204erial No.100 (*ystem 8 with

Battery Card), were subjected to a reaonanc. search in

accordance with Specification NIL-STD-81OC, Method 514.2.21
Procedure 1, curve J of Fig.514.2.2: to random vibration in

accordance with Specification NIL-STD-810C, Method 515.2

Procedure IA, rigs.5152-11A and 5t4-2-aA, apd to an acceleration
test in accordance with Specifidation NIL-STD-810C, Method 513-2
Procedure 1. I

1.3 Sinai• and Dual Detector Heads

The units, single detector head type 53521-012-and dual
detector head type 53522-011, were both subjected to a

resonance search in accordance with Specification NIl.STD-810C
Method 514.2 Procedure 1, Curve G of rig.514.2-2, and to

random vibration in accordance with Specification NIL-STD-810C
Method 51.2 Procedure IA, Fiq.514.2-11A and 5114.2-2A.

2. TEST DETAILS

2.1 Crow Warning Unit

Resonance Search

* The unit was subjected to a resonance search in each of the
three mutually perpendicular axes at the following frequencies
and levels,

5 - 14 Ma 0 0.10 peak-to-peak

14 - 23 Hs At 1g
9,

23 - 52 HS * 0.036 peak-to-peak

52 - 2000 Ps 0 5g

4 ro
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RPORT NO: ENV 2739

2.1 Crew Warning Wmit (cent)

Random Vibration

The unit was subjected to random vibration at the levels Shown
in Figol for one hour's duration in each of the three mutually
perpendicular axes.

2.2 Computer Control Unit

Resonance Search

The units were subjected to a resonance search in each of the
three mutually perpendicular axes at the following frequencies
and levels

N

5 4 H 41 0.10 peak-to-peak

14 - 23 Hs 0 ig

23 - 52 "a 0 0.036 peak-to-peak

53 - 2000 Hs 6 59

Random Vibration

The units were subjected to random vibration at the levels shown
in Figol for one hour's duration in each of the three mutually
perpendicular axes.

Aceloration

The units, System A and System 8 (with Battery Card), were
subjected to a constant acceleration of 25.59 for 60 seconds
in each direction of each of the three mutually perpendicular
&Roe

2.3 Single and Dual Detector Haads

Resonance Search

The units were subjected to a resonance search in each of the
three mutually perpendicular axes at the following frequencies
and levelas

5, - 14 Hs 0 0.10 peak-to-peak
14e - 23 Ilae at "-9

33 - 90 He 0 0*036 peak-to-poak

90 - 2000 Hs at 159

Random Vibration

The units wre subjscted to random vibration at the levels shown

in F19.2 for one hoar's duration in each of the tbree mutually
perpendicular axes.
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RLPORT NO: ENY 2739

3. LS ,i RESULTS

3.1 Crew Warning Unit

Resonance Search

AXIS 1
A mitor accelerometer was mounted in positions A and B

(see Pig.4)

Monitor Peak Input Output
Accelerometer Resonance Level Level
position Frequency

(Hz) (a) (a)

A 134 2

B i42 5 37

AXIS 2

Between 115 Hs and 150 Hal there was a resonance in the I
direction of the vibration, and between 130 Ha and 196 fxl
there was a resonance normal to the direction of vibration.

There was a resonance between 130 Hz and 234 Ha with a peak
at 198 Hz.

Random Vibration

The unit was functionally tested by the visiting Graviner

£nglneer throughout the test. The unit functioned satisfactorily
during the tests in Axes 2 and 3. After 35 minutee its Axis 1,

the left-hand fire warning light failed to operate. The unit
was opened by the visiting Engir eerand a broken lead was
found at the soldered joint by the lamp. This was repaired and

a tie rap was added to hold the cable and reduca oovement.

The test as ten repeated and the unit fousd to ttaction

satisfactori ly.

471
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3.2 Comouter Control Unit

Rescoance Search - System A

Axis Prpggvncy Coments

I(n ral 180-02 End board moving at bottom.

to i 263 Brown loom lead.
mounting! (No resonance could be seen at the main cards)
face)

1 73-94 Cards moving slightly together.

(normal 94-112 Outside card moving more.
to I 112-118 Peak (especially outside cards)

long
side) 140-162 All cards moving, not tonether.

162-300 All cards moving slightly

255 Wire moving inside loom.

3 40-50 Slight movement of end card.( noralomal 50-57 All cards moving slightly.
to
short 85-113 All cards moving slightly.
aide) 2210 Middle card moving.

I 2-40 Single card moving strongly.

140-,155 Single card moving very strongly.

f 155 Peak movement of single card.

155-174 Single card moving strongly.

174-200 Single card moving slightly.

Random Vibration * System A

The unit was functionally tested by the visit6ng Graviner Sngineer
throughout the test. The unit wan found to function satisfactorily
in all axes.

Acceleration - Syatoo A

The unit was functionally tested after each direction and axis
before commencing with the following run. After the test was
completed, the unit was eturmed to Graviners Ltd*. when full
functional tests were carried out. ?he visiting iEngineer holds
these functional test results.

472
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REPORT NOi VIV 2739

Resonance Search S Symtem nl (without Dattery Card)

AXis ( ) Comments

I 5o-160 Outside board moving very slightly.
(norml 160-180 Inside and outside boards moving very slightly.
to

mounting 180-300 Inside boards moving very slightly.
ace) 208-2 End board mowing.

2 93-vtS Boards moving slightly together.

(normal
to 118-123 Outside boards moving strongly. Other boards
long moving less strongly.
aide) 123 Peak movement.

1i23-I60 Slight movemant of boards.

160-197 Very slight movement of boards.

3 48-53 End card moving slightly.
(normal 5-5 Iiddle and end cards moving slightly.
to
short 55-6 All cards moving slightly.
side) Single card moing slightly.

Random Vibration - System 5 (without Battery Card)

The unit was functionally tested by the visiting Graviner Engineer
throughout the test. The unit was found to function satisfactorily
in all axes.

4I
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RLPOJR NO £NV 2139

Resoance Sea - t B (without Battery Card) (

Axi • Frequency Coments

(. ) ___.

1 150-190 Two support cards movinq.
( normllto 195 Battery and its support card moving slightly.

mounting 300 - 320 Support board moving.

face) 320 All long cards moving slightly.

450-529 Front short board moving.

2 65-109 Long cards moving tooethor in the direction of

(noral vibration.
tot 109 Peak movement.long

side) 135 Peak movement of outside card.

lo-a0 All cards (except Battery Card) moving.

451 Outside card moving slightly.

(No appreciable resonances could be seen of the
Battery Card and Its support card).

3 170-202 Short board moving.
(normal 202-214 Peak movement of short board.

to
short 270-340 Outside long card moving Slightly.

Side) 370-390 Short board moving slightly.

Random Vibration - ystem B (with Battery Card)

The unit was functionally tested by the visiting Graviner
ingineer throughout the test. The unit was found to function
satisfactorily in all axes.

Acceleration - System 8 (with Battery Card)

The unit was functionally tested after each direction and axis
before comencing with the following run.

After the test was completed, the unit was returned to

Graviners Ltd. where full functional tests were carried out.

The visiting Engineer holds these functional test results.
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1.3 Single and Dual (J-tqt. At..

,sesonanca Search

In Axis I (see Fig.5), there was rocking on the mountings 
of

the dual detector head between 368 and 385 Fix..There wasl no
detectable resonances of the single detector head in this axis.

In Axis 2, the single head was rocking on its mountings,
especially between 651 and 687Hz.

In Axis 3, the dual detector head wes rocking en i s mounts
at 597 Hs.

Random Vibration

The unite were functionally tested by the visiting Graviner
Ingineer throughout the test. Both units were found to function
satisfactorily in atl axes.

Reported by: P.A.Brackloy
Report Not L1W 2759

XR 46O5

Copies tot Mr.R.Leney
Quality Service Department
Graviner Ltd.,
Colnbrook

SLOUGH.Bucks (4)
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TEST HOUSE CERTIFICATE
A W 117

ia,3%&d under Kiniatry of WIoeao Quality Assurance Board Approvalt No. 12718

Date 4 AM&ll 19..0.

To: Messs. Grayiner ]Lt* Contract No. INID 85".

Addrets POYle Roa 1  Cocliibrooks Sub Contract Order No.

S-lO-u~,_L 35 0b Works Order No. .- A O)942/o~

Envormintal Engintur.nt AO&RAoaRY

Rteport No. E T R 2297

Item Tested:- U -V Detector Head Type 53522-011 Serial Hlumber XP I aMd XP7.

TYPe 53521-012 Serial Humber XPI and XP6
Test Specificaior:- MIL,.STD..- 0, . Iethod 5115, Procedure 1, Category B.

AesltSumar:-The four units wore subjected to an acoustic environment

to MIL-STD-810 for a duration of' 30 minutes.The Overall Sound Pressure

Level, measured using thsree IBrue I & Kjaer Type 4135 icopons, was

154 dB re. 2 x 10-5 N/rn2 .

(Pranced)W w Betts

Certified that the tests have been carried out to 0'c req1 uirements of the Diriiccor-Caeneral of Z'a.lity
Asisuranco

rL n on behalf of

Custoriu:n Headof Test Hcs Labra-r



APPENDIX B-5

TEST CERTIFICATE ETR 2297

ACOUSTIC VIBRATION
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TEST HOUSE CERTIFICATE
A W 117

i--sued under Ministry oiC T~eforicc Qu..lity Assurance Board Approval Noe. 12718

To. Musers. qrl!Viner kt4t Contran No. -IND~ 06".

Address PoYl. Roads Colnbrook1  Sub Cefstrac Order No.

SlOU~~~ 3L 0MbWorks Order No. . A 094..c O

Env-roflmifltitl RRfLnvfe ring LASOftA1r7p.'

Report No. E T R 22.97

Item Toted:-- U-V Detector Hied Type 53522-011 Serial Hiumber XP wd X P7.

SJ'pe 53521 -012 Serial H~umber MP and XPS
TestSpeif~aion-~x ... I.;ethod 9515, Proeduhre 1, Cateipry B.

Pesult Summr;.- The four uiita wore nubjected to an acoustic environment

to MIL-STL-810 for a duration at' 30 minutes.The Overall Sound Pressure

Level., measured using three Bruel & Kjaer Type 41 35 iaophones, was

'154 dB re. 2 x 1O-5 N/rn2 .

Preared by: (g.
(Printed) W a be tt S

Certified that the vtnts have been carried out to glo requirements of the Diraictor-Gitneral of iality

I Printed) V B Roberts
Or and on balf of
b ritishs Aroispso

Distribution. Dynmitc a (Gwiu.p
Customer Head of Test Mcjuto I-aborutory
Customer's Chief Inspector43

Cbtef Inspectut. rij. icid

#arm 4. 66"

S- ~'~'-a. ..e -- ~ - ~ 1.*~ ~. .. . -.......... e'~



APPENDIX B-6

TABLES FOR APPENDIX B
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TABLE NO. I

UVAK)S. CREW. WARNING
""YJ'581-*,0,. S ,AS IAL. loo

TEST S ACWE: At 71'C

Q-530 8
N.o 16-ov.1 c.111Pu. 2q-ov../. IPu'r-

No. Yo., m ,.A. VOLT. m A.

4.32. , 105 .0

75.5 104.0

57.2 
81.0

75.9 105.0

4.'N3A

INS#*L >20 Meg
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TABLE NO. 2

,UVAE.PS. CREW. WARNING £P~

TYPE: Saai'I ,o *. fERIAL o. _1o '

T. STAg: at-54C

Q.53o 8  1-ov.1C. NPtT. 2q.o v.C INPU.

4.94. 1.7 7.9 1.5 15.0

4.J. . 177.0. 105.0

4.3.8 1.7 7.9 1.5 15.0

4.3. 1.7 7. 1.5 15.0
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U.VAf~k& COMM'IOR. COINTROL UNir .SrSTE4 'A'
~F~i83~3. TrsT ST~aGE: -t -

PAM *o. Q. 5309 R ira w Lrs
4.13. n.29 0U S

124 v. 4.7c/4 A.C. /02v3#0&.~ /A -aV.x C.
m 1. Mt. M -. 1 4. Mi. MI. MI. M4.

4 1III 0.AS 78 ().A

4 2 Ito 112 se 0 A5 9 34 0

44S 05 01 8D 0 7 0

* .~ III If$ 228 0L... 3A ff

102 BI& 6. 0Vz. i .?#v 420A& kc,

474 5.44 C 4 .14 5.51, j 5.45 474. 55
4-7.f 297 9411. [26 4.7d 1312j4W

4--61 510,11. 0337 SIMs 5S3084, 0.338 3585.

4.1 S13. 591. 0.837 SOM. Silica 0.164 S cs.

4.q. 2. 4.9 voM

4.q.4 _1__9_ _ _ _ _ _

4._________________ _____.___ f______!____________M_____

4. ,.5:o __ _ -- ________
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T IEL NO. 6

u v. A F.. S. COMPUTORL UN SY$7TM ,'
flPg: 3120 . SCRIA& A, o,

TusST STAdf:- at-5c

PAu^Af. RES&4L.Ts.

4.1. 0.04 OUMS.
J14V 4 #k.'A.C. 12 V,390 / ..
ML ,S ,4,. Ml. Ma. m4.
. -. 8 0.

4.2. 110 53 28
4.4. 9 so 0 76 20 0

• TIA 220 0 90 135 1 n

lo - JS-z /-- IA4 Ak -

4. 7.3. 5.97 S-_ i.98
474. 297 320

().52 Arcs

4.8..2. , 0.335 S S.

4 . .3. . o., Al - ~e 0.

4.L . A 14 .. 7 S ac.

4.q. 2. VOLTS.

4.q. 9. 114.9 vS LIM..

4.A 0.2. 7. &1I VLf.
4. io. 8 . 7 Aj , s VLfs.

4. io. 4. 2 7.2 M& Lo+T$

.4. 80-C 27.s82 Yoml".
4.. t oo Sit * 'res. /: - Sircs .

.,. M4. o % A. 4UP

4.7 " ri.t,,'r#.. V4. L
4 90 4 . .AJ. sacs*, 81: .

Amon+. S. VOLT... SI



r

LLV. . COMlP OR. CONTROL UNIT 'SYSTEM -A'
yts 3U'J..2- . Tgss" STA S: Aft r Acceleration

S_Ir IAL NO. 1o TABL a

• 0Rw LTS-

4.1. 0.06 Ms.

124 v 4-2oAa A 4. /O02vJSOAfz. /6-v.-.C.
. ML M3. 14, MI. Mi. AL r44.

M 5. =I 78 2.05_
1,v36 115 6 ov 0 73 90 36 0

,4. 4. 96 101 58 0 73 to )1 0
4 . '. I 10 i2 0 2 2 5 0 88 9 4 113 70

lear. 3(80i.r S..f 3. (v.. . pa (v ¥.,Oosn ,,v.a_
$,) l(vLTs);,)Ej. (vol.' sops I (VOLTS) si S,,(ft )-

4-7f 294 4.7(. 297 14.74. 313 31 -,
. 1. O .S S o s s -s

4.9-. 1. ,. 0.52 Sacs,

4.g. .,. .O.A SICS. Sos 1. . o. iif SCS.

4.6.4.3. Sbl. 0.'" S9%- S) . l. 0.16R s. S.

4.q. -"-g). 14.85 ScS. 5112. 14. 2 515 I
4.1.10. S. I. -0.1675 S'cS.

4-q.4. 114.9 V003.

4. q. Kp . 'o .

4. 0-. , .17.7 VeLTS.

4. /D.A. 27.8 Vo, L.73.

4. to.$' :7.0 Y' k7 .
4.11 5.3. (t, 0.38 SacS. &&S 0.38 g:1c.

- - 4.1 .3. A 0._ S c..
0.3 4.llCh. Cz n.3 3f

4.ee.7. M4. .. mA.

4.~ C Sacs IO - ' 
"  

J€

,+ .. ............................ .-S....



TABLE NO.6

I4VA.FA& COMP~trOR COpMIMoI LINITSYT
&f: UStE 204. SNRATIV. -e00

TEST STAGf: After Acceleraton,

. L a.0,

124V 42*Ms.A C. /02 V3801#z 16OLV.C.

' Ms. ma M4. M*. Ms. M4.

4.2.2. 20 60 0 _____ 3111 _ _____

eo v3801z /6-g.Pc. 144v J20 AkA.C.
4-73- 563 ______________

*742q7 320~

4.8.S.2 a, n. 3 SAWs_ _ _ _ _ _ __ _ _ _ _ _ _

0.1675 Sc _

4.36 VoLf.78 _ _ _ _ _ _ _ _

4.~ Vp VLYS.

4.27.6 Vel.ax.

4.to. 1. 27.6 VOL S _ __ _ _ _ __ _ _ _

4. to.5 27.8 Ye4LU .

4.1i.3.2. Ce' n.311 Sees. nim SgrC.

4. #, t. 144. rot.A

492 4.11. Cwri.. V4.

4 It. I' SFICS.

Apft~q__ NOS

-- -~- -.-. A



k'AHLE NO.7

LU.VA.F... CREW. WARAING UNIT

TYPE.- S3813-Z4. _ERIAL b_, _!

7 i~sT STA&E: Me

Q.530 8  16*ov.).C. INPUT. 2q.ov. .C. INPUT:
-ARA.

Vo., I-T m.,r.o oo.
43.2.i "'?. 5 100.0

4. j.4. 79.5 *110.0

4.; 3* 71.0 100.0

4 . .7 7.95 1.5 14.5

4~* 1.7 7.95 1.11 14.5

1.7 7.9 1 .5 14.5

4. . . 1.7 7.9r 1.5 14.5

N/A

4..I. NIA

'- ; 4 .( .2 ..N / A

/N/
ItJddL.. > 2o Meg

493



TABLE NO.8

Detector Type 53522-011 S/No. XP6 and Detector Type 53521-012

S/No.ENV.

After Acceleration

Calibration Count 75 p.p.s.

Detector Unit Type 53522-01I 53521-012

XP6 ENV

_________A B

Q.5304 Para.

5.2 76.0 77.4 97.0

5.2.1. 28.0 30.0 34.0

5.3. 0 0 0

5.4.1. SATISFACTORY SATISFACTORY

5.4.2. SATISFACTORY SATISFACTORY

5.5 20 Megohms :20 Megohms

494



'TABLE NO.9

"" IgUVA.F..S. CREW. WARNING UNIr

TYPE'X381J-2. SERIA Alp. 101

'TET.i STAGVE: After Resonance Search

1A.OvR.)C. INPL. 2q.ot.C. iNPurPARA.

No. VC I-TS. mi.A. VOLTs. m.A.

.43. .2. 71.0 100.0

4 3 3 ~ 70.010.4. Fa. 3. ____ 1____

4.1.4. 71.0 100.0

4.35-f 69.510.

4 - . 1 .7 7.9 1.4 I14.5
4.J.. 1.7 7.9 1.5 14.0

4.1-8 1.7 7.9 1.5 14.0

NIA,

N/A.

NIA N/A~



TABLE: NO. IO

U.VA.F..S. CREW. WARNING UNIT

TYPE: $t38,-Zo,. ERIAL- No. o 10

7STT AGE: During Random Vibration - Pl.ane I.

-Q530 I6.ov .c. sP&ur. 2q.ov..C. INPu.

-N. VoT a. mA. VOLTS. m.A.

4.3-2 71.0 100.0

4;366.0 0.

4-j-4- 70.0 100.0

43$'69.0 100.0

4 71.7 8.0 1.5 15.0

4.j. 7. 1. 8.o 1 .5oo.0

4., .. 1 N__/A

4 9Co



TABLE NO. I I

U.VA.).S. CREW. WARMING UNIT

TYPTE: SJsi-oZ. SERIAL N. 10,

WEsT STA&E: During Randoo Vibration - Plane 2.

Q.5308 lb A |-Ov. I.C.IPUT 29.0VACf..INPU.

No. VOLTA" VOLTS. .A.

7030 100.0

49.3 95.0

4.3 .f. 67.0 100.0

4.,.7. 1. , .0 1.5 1.0

'. . 7 8.0 0.5 M5..

8 ,.7 8.0 1.5 ,4.9

4-j- q.

N /A



'rIm NO). 12

U.VA.F.S. CREW. WARNING UNIT

TYPE: 5X3813-20. SERAL No 1o

EST. STA&j: During Random Vibration - Plane 3.

Pb ov. ).C. INPUT 2q-oC.UINPU.

NO. VoT IM m.A. VOLTS. rA.

4 .81.7 7.9 1.5 14.5

4.4.7. 1.77._15 _4.

... 7 7.9 1.5 14.5

498



r TABLE NO.13

U.AF).S. CREW. WARN4ING UI

TYPE: S838/J-20A. SERIAL Ala. 10 1

TEST. STAGE-' After Vibration Testing.

Q. 5308

PAA.16OV. )C.IPUgT 2q.*V7.. IlNPUr
NO. mo.1 .A. VOT. rnA.

4.3.2. 73.0 100.0

4.;3.72.0 100.0j

14-.4. 80.0 110.0

43$71.0 100.0

1.7 8.1 1.5 14.5

4 .7 1.7 8.1 1.5 14.2

4. 81.7 8.1 1.5 14.2

4 . 1.7 8.1 1.5 14.0

ANI

4. __ tN/A

________________ > 20 Meg._________



TABLE NO. 14

System A,. C.C.U. Type 53813-203 S/No.IO0

Testing during random vibration was limited to response and reset time
tests.

Response Time Reset Time

Plane 3 1.18 seconds 0.876 second
1.30 seconds 0.931 second
1.15 seconds 0.902 second

Plane 2 1.30 seconds 0.936 second
1.20 seconds 0.885 second

1.18 seconds 0.984 second

Plane 1 1.16 seconds 0.90 second
1.25 seconds 0.98 second
1.26 seconds 0.93 second
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U.V.F.~S COMPMoR. CONTIROL UWT .SYSTEM ~A
TlI539/3..20. -TEST SrAr.L: After- . r I!i 77tin it

SEERIALO :00 TABLE NO. IS

PANO.Q. 0530Q RcwELTs.
4. j 0.1!. 0 11MS. _ _ _ _ _ _ _ _ _

124 v. 4?o~Af A. 102,V,31904. /6'ev)3-.

MU MA. mi. M4 m4 mi. MI 144.
III S.1 76. 2.1

4... 109 117 Al 0 85 Q2 33 0

4*4 97 '02 soi 0) 75 a0 1n 0

145 lie E8 22 0 As 10 135 0

-02 - - - - - f~ - c -

Smiu I (wers] S, p cl- N L4SL S.)51l No.LT4 Sext 13
4.7 5..5474 5.9 4J .55 4 .49

4.11~~~" 
5 .i ~ 9 9 S ~ . ~ ~S~ .

14II.3.1 C' - 4 91s C' 7. Z S' 7S.

4.:R...3. .5 ___Sacs. _________



TABLE NO.16

System B, C.C.U. Type 53813-204 S/No.100

Without Battery Card

Testing during random vibration was limited to response and reset
times.

Response Time Reset Time

Plane 3 0.964 second 0.955 second
1.09 seconds 0.845 second
0.964 second 0.905 second

Plane 2 1.02 seconds 0.903 second
0.938 second 0.957 second
0.775 second 0.898 second

Plane I 0.857 second 0.933 second
0.885 second 0.839 second

0.932 second 0.915 second

502

- - ..------



TABLE NO.17

LtVAFAS compwroR CONTRoL urnr sYSTEmS

1rjrST SrIA42f: After VibrAtion Testing

Q.5S310

PARA.NI RESs&ALTS.

124v 4AoIMa. A -C. /0o2V3Bo'z. 16%OLv).C
Ms. ma. M14. Ms. M3. M44.

;192 _ _0_ (1 1 100 30 0

4.4. 108 511 0 83 1 28 n
20 192? _ A 9S -119 0

10S$OM 74.3-c 1___ __ __ __ _ _______ _ A__C.

4.8.31. ~N 0.~.9 Secs.___________

4DB. ~' Sacs.

4.qa 14.p V.L7S.

27.? i.Tg.S

Z7.7.5 Va Ct .

4.1o.4. 27.8 Ye L. __ _ _ __S_ __ _ _

4.'5 ,,r 2A Ve7as.

tin..A 190.8 Sirgs. Sect.

4.,4... M44. 17 mA.
411f.7 (;RM4TIL. V4.
4.d~j. to 'I.11 SOCS . ~503
4.12. 6.3. Ie t - ,6 Sfes.



TABLE NO.18

System B. C.C.U. Type 53813-204 S/No.lO0

With Battery Card

Testing during random vibration was limited to response und reset
tiuws.

Response Time Reset Time

Plane 3 0.940 second 0.953 second
1.08 seconds 0.907 second
0.996 second 0.926 second

Plane 2 1.06 seconds 0.627 second
0.858 second 0.661 second
0.924 second 0.889 second

Plane 1 0.952 second 0.620 second
1.1i09 seconds 0.921 second
0.911 second 0.971 second

504
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TABLE NO. 19

t VA. jk 1 COM PA ETOR CONTROL UN'IT sysrrm _ _ _ __ __ _ __ _ _*

~S3Ii32SINV$ALha N. 'no W17k"jT A47Yzqy

ICST SrAar: f. bri, is

PARtA.ANo. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

124v 420 Nx. A C. 102 v #Z-16garpj
M. M. M4. MIl. 1 M3I M4

4. .. 120 58 0 102 3

44 !06 50o ____ 9 j 2 8 J 0
4 i1. 213 n 164

s )PC i. Ve W S.

so2 v38Cz /6a.c. 124v' fto-A.A-C.

4.7.. _ __ _ __ _

4.8.3.1 t .

4.4.1. ~V _ _ _LTS.

4.io .1. 17.'.Q VeSo

4-10-5- 27'.5q yo~S _______

4.10.4. 2u.9 l7s _ __ _ _ _ _ _ _

h~~~V LM $ ES

411l7 ~rxquTDL. V4. 004.,2.&.J. tStsa_ _ _________ ___

4.i ___VeLsf . -3_ _ _ _



TABLE NO.20 1
Detector Unit Type 53522-011 S/No.XP6 and Detector Type 53521-012

S/No. ENV.

Testing during random vibration was limited to response and reset times.

53522-O11 (XP6) 53521-012 (ENV)

Response Time Reset Time Response Time Reset Time

Plane 3 0.903 second 0.942 sec. 1.06 seconds 0.895 sec.
0.847 second 0.947 sec. 0.790 second 0.953 sec.
1.20 seconds 0.975 sec. 1.16 seconds 0.931 sec.

Plane 2 1.19 seconds 0.963 sec. 0.929 second 0.631 sec.
0.968 second 0.949 sec. 1.03 seconds 0.979 sec.
1.2 seconds 1.13 sec. 0.996 second 0.931 sec.

Plane I 1.03 seconds 0.989 sec. 1.08 seconds 0.928 sec.
i.17 seconds 0.839 sec. 1.09 seconds 0.878 sec.
0.770 second 0!870 see. 0.934 second 0.870 sec.

After Vibration testing. Calibration count 64.5 p.p.s.

53522-01 I(XP6) 5352 1-012(ENV)

A B

0.5304
Para.
5.2. 66.74 69.79 90.51

5.2. 1. 33.1I 28.0 41.6

5.5. 20 Megohms 720 Megohms
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TABLE NO.21

Detectors Type 53522-011, S/Nos. XPI and XGP7 and Detectors Type
53521-012, S/Nos. XPI and XP5.

Before acoustic vibration. Calibration count 52 p.p.s.

Detector Type 53522-011 53521-012

XPl XP7 )PI X?5

Q.5304 Para. A B

5.2. 79 65 54 73 68 58

5.2. 1. 46 28 25 29 36 56

5.3. 0 0 0 0 0 0

5.,.I. SATISFACTORY SATISFACTORY

5.4.2. SATISFACTORY SATISFACTORY

5.5. >20 Megohms :o20 Megohm

After acoustic vibration. Calibration count 59 p.p.s.

Detector Type 1 53522- 0 1 1 53521-012

XPI XP7 XPI XP5

Q.5304 Para. A B A B

5.2. 76 163 49 70 70 55

5.2.1. 40 28 32 31 35 24

5.3. 0 0 0 0 0 0

5.4.I. SATISFACTORY SATISFACTORY

5.4.2. SATISFACTORY SATISFACTORY

5.5 >20 Megohms 720 Megohms
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TABLE N0.22

UVA.F.PS. CREW. WARNING UNIT

T.YPE: S3813-204 SM.RIAL No. 1o

Tisr STAGE: After Shock Testing

Q.53o8 Ib.Ov.).C. iPtT 29.o4J)C. INPUT.:
PARA.

NO. VolT. u "A. VoL . i m.A.

4.2 71.0 100.0

70.5 100.0

4.4 78.5 1100.

4..5' 69.5 100.0

4.1.7. ,.) 7.8 1.5 14.5

1.7. 7.8 1.5 14.34.J. 8 1.7 7.9 ,.5 14.3

1.7 7.8 1.5 14.3

4.,.o N/A__

4. .,2. N/.A_. _ _ _

iN ~~;:-2 )0 Me R.
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U~Vs~.v& CO PU TOR. CONTRL UNIT .SrSTEMl'A'
t~j 1--201 ' TE~ST rAGE:* Aftmr Shock Test.np

-tltA N- - -TAAIL NO.23

- 8,m mi. MS. IM4. Mi Ml. MA M4.

4-2-2. :1( 115 An 0 A' Ion 35 n

9s 100 54. 0 75 8N 30

45110 1 20 220 0 6 95 36 0

Sait (.ts) 11S"a (V*ol SI)I (WeLT.! S-18 I *v)
47 .69 114.1 294-'t 4J. S. 7 4.. 314

4-711 5.31-4 297 14.714. 1~ %-5 10

4*.* t. j.2.t . s Sots. ~
4.9 f. . SIDEl 0-137 SECS. S-Saa.A. ). W Saes.
4.9.4.3. sle.). 0.71 SE". So"1. .l sl Scs.

4. t.91. sS 1u. 1/ .s 8z s&S. Soul. 14. A(. Se CS.

.$ o. Si11S. n.17- SECS. collsz. 1.72 -IGS.

4.~.g. ..s:VOLTS.

4 10 5 7 7 VTS.

4. ~ ~ ~ 1. 10- 7Q 1.1 S _________________

4. It.5 27.9 1/0 ____ ____

4.* Ii..A f IR Secs._ VIn

10~~C SdA9rs
4. H.3 Sacs.

4. me. 7. . i. Itu'u V4

-1- 7--- -L--- -'w& -_A_509

4.121o.l -t- 1 oi



ThfI NO. 24

AvArF3Ls c0MPwTra comTRoL Liwi sysTEm*BA
T8p:3m13-2.4. Seem. At..fd W, AWA

Tsi STAGSM After Shock Tooting

Q.5310

PARA.NA/6 R ESIA LTS.
0.03 OUMs._______ ____

I2*v 440 Ms. A .C. /02 v38o #z. /6-av..c.
14l ma. M4. M2. M3. M4

as 8 5..6 ho 2.

4..2 20 55 0 90 28 0

4.. 105 m 48 0 rs0 25 0

4.5 T. 12 0 95 1 2 0

5,,p t. V@ L.-Ts

w2 v.38O~z 16-axc. 124v____________

4.73. S__ __ __ __ __ __

4.8.3.1. t 0.4A Sacs.
4.8.4.1. tC' 0.336 sec.. _ _ _ _ _ _ _ _ _ _ _

A9. J. 3. to 0.173 sircs.__ _ _ _ _ _ _ _ _ _ _

14.8-8. to 14-7 Sacs .
,#.S~. 't 0.1?! sfcs.

4. q.z 4.1 V~aLS.
4. q.3. 115 Vv L1.

4-/0-2. 27.7 v

4.10.3. 27.A VeLS __ _ _ __ _ _ __ _ _

4.i0-4. 27.q V~~ _ _ _ _ _ _ _ _ _

4. la.r 27.9 Y*47%.

4.11 too n-AR _sars. ___ L o.l £wm
4.iu& M 4. ~ A.
.4m1.7 rvewrIL. VA.

510 ~ dJ C, ".' socs.____________
t.l~..C n.fA Sfcs.

Apowphnt ,RB 4.7 - VLTS. _ ~ -_

REPRODUCED FROM
BEST AMAABLE COPY



TABLE NO.25

Detector Unit Type 53522-011 S/No. XP6 and Detector Unit Type
53521-012 S/No. ENV

Response and Reset times after shock testing.

53522-011(XP6) 53521-012(ENV)

Response Time [Reset Time R.sponse Time " Reset Time

1.28 sec. 1.01 sec. 0.958 sec. 0.825 sec.

1.28 sec. 1.00 sec. 0.782 sec. 0.94 sec.

1.28 sec. 0.82 sec. 0.992 sec. 0.60 sec.

5!I
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REPRODUCED FROM
BEST AVAILABLE COPY


